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Abstract
The mitochondrion is the power plant of the eukaryotic cell, and tRNAs are the fundamen-
tal components of its translational machinery. In the present paper, the evolution of mito-
chondrial tRNAs was investigated in the Cetacea, a clade of Cetartiodactyla that retuned
to water and thus had to adapt its metabolism to a different medium than that of its main-
land ancestors. Our analysis focussed on identifying the factors that influenced the evolu-
tion of Cetacea tRNA double-helix elements, which play a pivotal role in the formation
of the secondary and tertiary structures of each tRNA and consequently manipulate
the whole translation machinery of the mitochondrion. Our analyses showed that the sub-
stitution pathways in the stems of different tRNAs were influenced by various factors,
determining a molecular evolution that was unique to each of the 22 tRNAs. Our data sug-
gested that the composition, AT-skew, and GC-skew of the tRNA stems were the main
factors influencing the substitution process. In particular, the range of variation and the
fluctuation of these parameters affected the fate of single tRNAs. Strong heterogeneity
was observed among the different species of Cetacea. Finally, it appears that the evolu-
tion of mitochondrial tRNAs was also shaped by the environments in which the Cetacean
taxa differentiated. This latter effect was particularly evident in toothed whales that either
live in freshwater or are deep divers.
Introduction
Mitochondrial tRNAs are fundamental components of the translational machinery of the mito-
chondrion, which is the powerhouse of the eukaryotic cell. In most Metazoa, the mitochondrial
genome (mtDNA) contains 22 tRNAs genes (hereafter named trnX, where X is the single letter
IUPAC code for the corresponding amino acid). For most amino acids, a single tRNA repre-
sents the whole codon family. Leucine and Serine are the only known exceptions and possess
two tRNAs belonging to two distinct families (i.e., trnL1 and tnL2, and trnS1 and trnS2, respec-
tively). Occasionally, multiple copies of the same tRNA are present in animal mtDNAs. In this
latter case, however, they are the product of duplication/multiplication processes and do not
represent distinct codon families [1].
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TRNAs play a key role in mitochondrial activity; thus, it is plausible that they experienced
strong evolutionary constraints, particularly concerning their structural integrity, possibly fur-
ther reinforced by the fact that there is a single tRNA for most amino acids.
In present paper, the evolution of mitochondrial tRNAs was investigated in the Cetacea, a
clade of Cetartiodactyla that returned to the water and consequently adapted its metabolism to
an environment different from that of its mainland ancestors [2,3]. Cetaceans breathe air,
despite their multiple adaptations to life in water, and therefore represent a very interesting
benchmark to test whether this array of adaptations has left any signatures on mitochondrial
tRNAs. Cetacea is the most diverse group of current living aquatic mammals and includes 93
species [4]. A complete mtDNA genome is available for 49 species [5–17] (S1 Table). These
taxa encompass all families and most of the currently recognised genera, thus providing a very
good coverage of the clade.
Cetacean tRNAs have a genomic placement matching the canonical gene order of the Ver-
tebrata mtDNA [18] (Fig 1). This means that fourteen mitochondrial tRNAs (i.e., trnD, trnF,
trnG, trnH, trnI, trnK, trnL1, trnL2, trnM, trnR, trnS1, trnT, trnV and trnW) are encoded in the
α strand, while the remaining eight (trnA, trnC, trnE, trnN, trnP, trnQ, trnS2, and trnY) are
found in the complementary β strand [18].
Every tRNA exhibits a secondary structure, usually a cloverleaf shape, where double-helix
stems are alternated with single-stranded nucleotides (Fig 1). Finally, each tRNA is further
arranged in space to generate the functional, L-shaped tertiary structure [19].
The double-stranded elements found in tRNAs are the acceptor stem, the DHU stem, the
anticodon stem and the TCC stem (Fig 1). The acceptor stem is invariably composed by 7
pairs (hereafter 1-7ac-pair) of bases (Fig 1), and the DHU stem contains 3 to 4 pairs (hereafter
1-4dh-pair) and is absent from the trnS1 of many animal species, including all those studied in
this paper. The pairs in the anticodon stem usually number five (hereafter 1-5an-pair), with
two exceptions in mammalian trnS1 and trnS2. In both these genes, there is an extra pair
located in position 5’ with respect to the standard arrangement that does not have homologous
structural counterparts in other tRNAs. This pair has been numbered here as the 0 pair. Finally,
the TCC stem exhibits a variable number of pairs ranging from four to six (hereafter 1-6tp-
pair) (Fig 1). A general scheme is available for numbering the placement of every nucleotide in
the secondary structure of a tRNA [20] (Fig 1). However, in the present work, we utilised the
very simplified system presented in Fig 1, which strictly focused on the pairs found in the dif-
ferent stems. This alternative scheme is, in our view, much easier to follow for the general
reader, who not necessarily accustomed to the more sophisticated system devised by Sprinzl
et al. [20].
In present paper, the canonical Watson-Crick base pairings will be indicated by the stan-
dard dash symbol (–) (e.g., A–T). The base pairings involving G and T will be presented with a
dot (•) symbol (e.g., G•T). Finally, the base pairings implying a mismatch (see below) will be
described by a vertical dash (|) symbol (e.g., A|A).
Different arrangements can be observed when an identical pair is compared in the ortholo-
gous tRNAs of two species A and B. The pair is made by the same couple of bases in both taxa
(e.g., A–T, G–C, and the opposite), or the pair is differently arranged in the two species. In this
latter case, there are three possibilities (1–3). (1) With respect to species A, the B taxon exhibits
a simple/double mismatch in the pair (e.g., A|A vs. A–T; C|C vs. A–T). In this case, the substi-
tution/s pattern leads to a disruption of the secondary structure of the stem for that pair. Mis-
matches that do not prevent the formation of the cloverleaf structure or the tertiary structure
are not rare in tRNAs. Mismatches can be corrected through editing processes or can persist in
the tRNA stems as unusual pairings [21]. (2) With respect to species A, the B taxon exhibits the
substitution of a single base of the pair (this can arise at the 5’ end as well as the 3’ end of the
Evolution of Cetacean Mitochondrial tRNAs
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Fig 1. The tRNA nomenclature and the gene order of vertebrate mtDNA. Ac, pair of the acceptor stem;
dh, pair of the DHU stem; an, pair of the anticodon stem; tp, pair of the TΨC stem. The numbering of pairs
follows a 5’! 3’ orientation. The 5’ nucleotide of a pair is marked with a, while the 3’ base is marked with b.
The numbering scheme of Sprinzl et al. [20] is provided only for the stems. Base pairings are indicated as
follows: –, canonical Watson-Crick base pairing; •, base pairing involving G and T; |, base pairing implying a
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pair), which does not alter the secondary structure of the stem (e.g., G•T vs. A–T). This type of
change is named hemi-compensatory base change (HCBC) [22] because its occurrence does
not alter the secondary structure itself (Fig 1) [21,23,24]. (3) Finally, species B exhibits a couple
of complementary bases different than species A (e.g., A–T vs. G–C). In this case, a fully com-
pensatory base change (FCBC) occurs in species B with respect to A. This change is named
fully compensatory because the substitution of both bases does not jeopardise the secondary
structure integrity [22]. Two types of FCBCs exist: one (hereafter named type I) implies the
substitution of a purine-pyrimidine pair with another purine-pyrimidine couple and vice versa,
and the other (hereafter named type II) is characterised by a purine-pyrimidine vs. pyrimidine-
purine substitution. The occurrence of type I is favoured over that of type II because type I can
be produced through an intermediated HCBC. Conversely, type II requires passage through a
mismatch step.
Our paper mainly focuses on identifying the factors that influenced the evolution of the ele-
ments of the tRNA double helix of Cetacea, which play a pivotal role in the formation of the
secondary and tertiary structure of each tRNA and consequently modify the whole translation
machinery of the mitochondrion. FCBCs, HFBCs and mismatches are globally indicated in this
paper with the acronym CSBPSs (Change of Sequence in a Base Pair of a Stem).
Materials and Methods
Sequencing of the mtDNA of Ziphius cavirostrisG. Cuvier, 1823
For the present study, we sequenced the complete mitochondrial genome of a specimen of Z.
cavirostris. The striated muscle tissue (approximately 0.5 g) used as the starting material to
extract the total DNA was obtained from a female specimen of Z. cavirostris that had been
stored since 2007 at -80°C at theMediterranean marine mammal tissue bank (MMMTB, www.
marinemammals.eu) of the University of Padova (specimen # ID 135). MMMTB is a non-
profit public organisation that preserves for scientific purposes the tissues of Cetacean speci-
mens that beached and died naturally along the Italian Coasts. MMMTB promotes the study
and conservation of Cetacea. MMMTB is officially supported by the Italian Ministry of Envi-
ronment and is CITES credited. The scientific study of tissues obtained from MMMTB does
not require the approval of an ethical committee.
The extraction was performed through a salting-out protocol [25]. The amplification and
sequencing of mitochondrial DNA were performed using a mixture of mammalian universal
primers [26] and primers specifically designed against available sequences belonging to the
family Ziphiidae. The quality of DNA was assessed through electrophoresis in a 1% agarose
gel. The PCR products were directly sequenced using the primers used for amplification. The
sequencing was performed by BMR Genomics (http://www.bmr-genomics.it/; Padua, Italy).
Both strands of PCR products were sequenced to ensure the standard accuracy required by this
type of sequencing activity. The mtDNA consensus sequence was assembled using the SeqMan
II program from the Lasergene software package (DNAStar, Madison, WI). The coverage of
mismatch. A The gene order of vertebrate mtDNA is depicted at the bottom, linearised starting from cox1.
Genes encoded on the α-strand (right to left orientation) are underlined in green, while those encoded on the
β-strand are underlined in red (left to right orientation). Gene nomenclature: atp6 and atp8: ATP synthase
subunits 6 and 8; cob: apocytochrome b; cox1-3: cytochrome c oxidase subunits 1–3; nad1-6 and nad4L:
NADH dehydrogenase subunits 1–6 and 4L; rrnS and rrnL: small and large subunit ribosomal RNA (rRNA)
genes; and X: transfer RNA (tRNA) genes, where X is the one-letter abbreviation of the corresponding amino
acid. In particular, L1 identifies the CTN codon family; L2 the TTR codon family, S1 the AGY codon family,
and S2 the TCN codon family. CR, Control Region.
doi:10.1371/journal.pone.0158129.g001
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PLOSONE | DOI:10.1371/journal.pone.0158129 June 23, 2016 4 / 24
the whole consensus sequence was at minimum 2X and in most cases 3X to 4X. The genome
was annotated following the strategy briefly described below [27,28].
Initially, the mtDNA sequence was translated into putative proteins using the Transeq pro-
gram available on the EBI website. The true identity of these polypeptides was established
using the BLAST program [29,30]). The boundaries of genes were determined as follows. The
5' ends of protein-coding genes (PCGs) were defined as the first legitimate in-frame start
codon (ATN, GTG, TTG, GTT) in the open reading frame (ORF) that was not located within
an upstream gene encoded on the same strand. The only exceptions were atp6 and nad4, which
were previously demonstrated to overlap with their upstream gene i.e., atp8 and nad4L, respec-
tively, in many mtDNAs [31]. The PCG terminus was defined as the first in-frame stop codon
that was encountered. When the stop codon was located within the sequence of a downstream
gene encoded on the same strand, a truncated stop codon (T or TA) adjacent to the beginning
of the downstream gene was designated as the termination codon. This codon was thought to
be completed by polyadenylation, thereby producing a complete TAA stop codon after tran-
script processing. Finally, pairwise comparisons with orthologous proteins were performed
using the ClustalW program [32] to better define the limits of the PCGs.
Regardless of the real initiation codon, formyl-Met was assumed to be the starting amino
acid for all proteins as has been previously demonstrated in other mitochondrial genomes
[33,34]).
Transfer RNA genes were identified using the tRNAscan-SE program [35] or recognised
manually as sequences having the appropriate anticodon and capable of folding into the typical
cloverleaf secondary structure of tRNAs [31]. The validity of these predictions was further
enhanced by comparison based on multiple alignment and structural information to published
orthologous counterparts [36].
The boundaries of the ribosomal rrnS and rrnL genes were those defined by the pairs of
tRNAs adjacent upstream/downstream to these genes (i.e., trnF and trnV for rrnS; trnV and
trnL2 for rrnL).
Dataset construction
At least one complete mtDNA sequence for 49 cetacean species is currently available in Gen-
Bank (2015.09.30 release) (S1 Table). For some taxa, multiple sequences are available (e.g., Phys-
eter macrocephalus). To ensure a balanced treatment of the different species, only one mtDNA
sequence was included in the main dataset (see below). The only exception wasOrcinus orca.
For the killer whale, seven sequences were included, each representing one of the main clades
recently identified within this taxon [13,37,38] that are possibly/probably distinct cryptic spe-
cies; see de Bruyn et al. [39] for a different view. Before creating the datasets, both ingroup and
outgroup mtDNA sequences were manually re-annotated to have high-quality annotated
genomes. This was fundamental for identifying the correct boundaries of tRNAs. The analyses
performed on tRNA evolution were very time-consuming; thus, the sequences ofMesoplodon
grayi,Mesoplodon ginkgodens andNeophocaena asiaeorientalis became available too late to be
fully implemented in our study. However, the sequences ofM. grayi and N. asiaeorientalis were
considered in some analyses (see the Results section). The complete reference dataset contained
94 taxa (listed as 94T-set in the paper). 94T-set included 46 cetaceans plus a broad selection of
the main Artiodactyla lineages and two Perissodactyla. A list of taxa that were analysed in this
paper is provided in S1 Table. The taxonomy of Cetacea used in the present paper follows that
of Perrin [4]. The status of Tursiops australis as a distinct species is under scrutiny [4], but it was
retained here provided that multiple mtDNA sequences exist for this taxon and were worthy of
consideration, irrespective of the taxonomic validity of this species.
Evolution of Cetacean Mitochondrial tRNAs
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Multiple alignments of orthologous genes
Initially, each set of the 13 orthologous protein-coding genes derived from 94T-set was aligned
using the pipeline implemented in the TranslatorX server [40]. This webtool ensures that the
alignment of DNA sequences is obtained using as a backbone the multiple alignment derived
from the amino acid counterparts. The MAFFT program was used to produce the alignments
[41,42]). Successively, the Gblocks program (with the most stringent parameters activated)
was used to the select the most conserved positions of the alignments [43]. Finally, the 13
Gblocks-processed nucleotide alignments were concatenated into a single multiple alignment
(94T.13PCG.set).
The sequences of the orthologous tRNAs obtained from 94T-set were manually aligned con-
sidering the secondary structures predicted with tRNA-scan or that were available in the litera-
ture (see S1 tRNAs multiple alignments) [36]. The same strategy was applied to produce
multiple alignments necessary to investigate the intraspecific variation of every tRNA for the
species of cetaceans for which several/many mtDNA sequences exist. In the case of the 94T-
trnXs alignment, it was not possible to model the substitution process for the most variable
portions located in the DHU and TCC loops of some tRNAs. In contrast, it was always possible
to model the substitution process within the Cetacea clade.
Irrespective of the strategy used to obtain the multiple alignments, these alignments were
successively imported into MEGA 5.2.2 [44] for further bioinformatic analyses.
Statistics of DNA/amino acid sequences
The AT-skew = (A-T)/(A+T) and the GC-skew = (G-C)/(G+C) were computed for the α
strand of the full-length mtDNA of all 94 analysed taxa to evaluate the compositional biases
[45]. The base compositions were determined with the EditSeq program from the Lasergene
software package (DNAStar, Madison, WI).
The evaluation of the level of saturation in the DNA/amino acid substitution process was
assessed for 94T.13PCG.set as well as for the orthologous tRNAs. In the case of 94T.13PCG.set,
pairwise distances were calculated separately for whole codons, first + second positions, first
positions, second positions, third positions and amino acids.
Initially, the p-distance and the maximum composite likelihood distance were calculated for
each pairwise-comparison. Then, the (maximum composite likelihood distance—p-distance)
difference was calculated for every pairwise comparison as a measure of the underestimation of
the number of substitutions that is obtained through the p-distance. Indeed, the p-distance
does not correct for possible multiple substitution events at a single position of the alignment.
With no or minimal saturation, the (maximum composite likelihood distance—p-distance)
difference is null or very small. In contrast, it exceeded the unit when the saturation process
progressed sensibly. The (maximum composite likelihood distance—p-distance) difference
was used instead of the more traditional (p-distance / maximum composite likelihood dis-
tance) ratio [46] because it allows for the calculation to be performed automatically on thou-
sands of pairwise comparisons in a spreadsheet without the necessity of eliminating null
maximum composite likelihood distances. Finally, the average (maximum composite likeli-
hood distance—p-distance) difference was used as a global descriptor of saturation of the sub-
stitution process for every set of orthologous tRNAs.
The distances were computed with MEGA 5.2.2 [44]. The computations of the skews as well
as other statistical calculations were performed using Microsoft Excel (Microsoft ™).
The total number of codons present in the whole set of Cetacea PCGs was calculated with
the MEGA program. Stop codons were excluded from the calculation because they are not
linked to a tRNA family. Analogously, start codons were not considered because different
Evolution of Cetacean Mitochondrial tRNAs
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codons determine the same formyl-Met as the starting amino acid [33,34]. Finally, the total
number of codons belonging to each codon family was calculated, and the abundance of each
codon family was expressed as the number of codons per thousand codons.
Phylogenetic analyses and the reference tree
Maximum likelihood phylogenetic analyses [47] were performed using the program RAxML
7.4.2 [48] implemented in the graphical user interface raxmlGUI 1.3.1 [49]. A nonparametric
bootstrap test [50] was performed to assess the robustness of the topologies (1,000 replicates).
Phylogenetic analyses were performed on nucleotide/amino acid datasets exhibiting the highest
phylogenetic signals. In the case of DNA datasets, the GTR evolutionary model [51] was
applied, while the heterogeneity of the substitution process was modelled with the CAT [52].
In the case of amino acid datasets, the MTMAM substitution matrix [53] was used in combina-
tion with the CAT algorithm. Partitioning schemes were used to test their effect on the tree
topologies.
Phylogenetic analyses were performed on the position 2, positions 1+2, and amino-acid
subsets of 94T.13PCG.set, which exhibited the highest signals, with and without partitions.
All of the obtained trees were identical to the topology depicted in S1 Fig. In the topology,
most of the nodes received bootstrap support. The tree in S1 Fig was generated from the amino
acid dataset. The topology revealed that many amino acids changed along the branch reaching
the root of Cetacea. The mysticete Caperea marginata and, more markedly, the odontocetes
Kogia breviceps, P.macrocephalus, Platanista minor, Lipotes vexillifer, Pontoporia blainvillei,
Inia geoffrensis, andMonodon monoceros showed branches that were decidedly longer that
those of other Cetacean species. No further details are presented here on the phylogeny of Ceta-
cea. A comment must be introduced to explain this point. The phylogeny of Cetacea is a very
active field of study, and several papers have been published on this topic [12,14,15,54–64].
The overall phylogenetic relationships among major lineages were consistently recovered in
the studies mentioned above and are depicted in S1 Fig. In contrast, the vast majority of the
published trees exhibit one or more points of disagreement. In the present paper, the topology
of S1 Fig was used as a reference tree to map the evolution of CSBPSs. Alternative phylogenetic
relationships were considered to test whether they could produce relevant changes in our
results (data not shown). These topologies gave, at most, marginal variations restricted to single
nodes and did not alter the global evolutionary pathway for the CSBPSs. Thus, they will not be
described in detail in the present paper.
Tracking the substitution patterns of orthologous tRNAs along the
reference tree
The CSBPSs occurring in the multiple alignments of orthologous tRNAs were tracked along a
reference tree according to the maximum likelihood method available in MEGA 5.2.2 [44] and
according to the maximum parsimony approach implemented in the Mesquite program [65].
In the latter, the nucleotide changes were assumed to be unordered events. The mismatches
occurring at the boundaries between DHU and TCC arms and loops were not considered.
This choice was dictated by the fact that in some cases, the length of the arms was variable
without disrupting the secondary structure (S1 tRNAs Multiple Alignments).
Results
Introductory note. Here, only the main results are provided. A more detailed description is pre-
sented in S1 Extended Results.
Evolution of Cetacean Mitochondrial tRNAs
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The mitochondrial genome of Ziphius cavirostris
The mtDNA of a specimen of Z. cavirostris, sequenced for this paper, is briefly described here.
The new mitochondrial genome was 16,352 bp long. This value was very close to the average
value obtained for the dataset analysed in the present work (16,436 ± 124). The Z. cavirostris
genome contained the 37 genes almost universally found in animal mtDNAs i.e., 13 PCGs, two
ribosomal rRNAs and 22 tRNAs. The gene order was typical for vertebrate mtDNAs (Fig 1),
with 28 genes encoded on the α-strand and nine present on the opposite β-strand. Most of the
PCGs started with ATG and ended with TAA or the incomplete stop codons TA(a) and T(aa).
The genes on the same/opposite strand overlapped, were contiguous or were separated by
intergenic spacers encompassing a variable number of nucleotides (S2 Fig). The mtDNA
sequence of Z. cavirostris is available in EBI/GenBank under accession number LN997430.
Occurrence of CSBPSs in the tRNAs of Cetacea
The computation of the p-distance and (maximum composite likelihood distance—p-distance)
difference allowed the level of conservation and the possible underestimation of the substitu-
tion patterns in Cetacea tRNAs (S3 and S4 Figs, respectively) to be determined. The most con-
served tRNA was trnG, and the most variable was trnH. The minimum and maximum values
for the (maximum composite likelihood distance—p-distance) difference were observed in
trnE and trnH, respectively. The (maximum composite likelihood distance—p-distance) differ-
ence values demonstrated that the observed CSBPSs did not grossly underestimate the true
number of CSBPSs in the tRNAs.
A total of 603 CSBPSs (136 FCBCs, 320 HCBCs, and 147 mismatches) were identified in the
tRNAs of Cetacea (Fig 2; S1 tRNAMultiple Alignments).
Most of the FCBCs were of type I (131), and only four were of type II. T–A vs. A–T occurred
on the 5an-pair of trnH. G–T vs. T–A was found on the 7ac-pair of trnQ. C–G vs. A–T was
identified on the 2tp-pair of trnE. A–T vs. T–A was detected on the 2tp-pair of trnN (Fig 2; S1
tRNAMultiple Alignments).
The number of FCBCs detected in a single tRNA ranged from 1 to 18 (Figs 1 and 2). Ten or
more FCBCs were found only in α-strand-encoded tRNAs (Figs 1 and 2). Most of the β-strand
tRNAs exhibited four or fewer FCBCs. The bases alternating on the type I FCBCs followed
three patterns (a-c). (a) Only purines alternated at the 5’ end of the pair, and only pyrimidines
occurred at the 3’ end (e.g., trnD). (b) Both purine/pyrimidine bases occurred in the substitu-
tion at the 5’ and 3’ ends of the pair (e.g., trnA) with a variable prevalence of the first/second
type of base. (c) Only pyrimidines alternated at the 5’ end, and only purines occurred at the 3’
end of the pair (e.g., trnC) (S1 tRNAMultiple Alignments).
The 320 HCBCs were distributed mainly into four symmetrical types (Fig 2; S1 Extended
Results). The number of HCBCs in a single tRNA ranged from 0 (trnN) to 35 in (trnE). The
distribution of HCBCs was β-strand biased. Indeed, the α-strand tRNAs showed 144 HCBCs,
while the β-strand tRNAs exhibited 176 HCBCs (Fig 2).
The 147 mismatches belonged to 35 different types (Fig 2; S1 Extended Results) and ranged
from 0 (e.g., trnP) to 30 (trnR). The mismatches exhibited an uneven and α-strand-biased dis-
tribution (Fig 2, S1 Extended Results).
Patterns of CSBPS distribution in Cetacea tRNAs
The distribution of CSBPSs was very variable in the tRNAs (Fig 2; S1 Extended Results).
FCBCs, HCBCs, and mismatches were linked in their abundance ( 7) in several α-strand
tRNAs (Fig 2). A second patter, mainly observed in β-strand tRNAs, had a high number of
HCBCs coupled with a low number of FCBCs and mismatches. A low number of mismatches
Evolution of Cetacean Mitochondrial tRNAs
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Fig 2. CSBPSs, skews, stems composition, and codon usage linked to the Cetacea tRNAs.CSBPS, change in sequence in
a base pair of a stem; FCBC, fully compensatory base change; HCBC, hemi compensatory base change; Mismatch, mismatch in
a base pair of a stem. The extension of the slices determining the number and type of FCBCs, HCBCs, and Mismatches for every
tRNA was scaled, assuming that the whole coverage of a Pie graph was reached only in the tRNA exhibiting the maximum
number of in CSBPSs. This approach allows, in our view, to better appreciate the variation of CSBPSs in the various tRNAs.
CDSpT, codons per thousand codons associated to a tRNA. A+T%, percentage of A+T in the stems; G+C%, percentage of G+C
in the stems. For A+T% and G+C%, the maximum and minimum values are provided. AT- and GC-skews, skews calculated for
the stems of tRNAs. For AT- and GC-skews, the range of variation is provided for every tRNA.
doi:10.1371/journal.pone.0158129.g002
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PLOSONE | DOI:10.1371/journal.pone.0158129 June 23, 2016 9 / 24
coupled with a moderate number of FCBCs and a higher number of HCBCs was present in
trnD, trnL1, and trnY. A small number of base changes characterised trnI and trnN. Few
FCBCs and HCBCs and a good number of mismatches occurred in trnM. Finally, trnV exhib-
ited a high number of mismatches coupled with a good number of FCBCs and a low number of
HCBCs (Fig 2; S1 tRNAs multiple alignments).
Factors influencing the occurrence and type of CSBPSs
The total number of codons encoded by the cetacean mtDNAs as well the number of codons for
each codon family were homogenous (Fig 2; S1 Extended Results). The number of FCBCs,
HCBCs, and mismatches were not linked to the abundance of codon families (Fig 2; S1 Extended
Results).
Globally, the occurrence of CSBPSs in different tRNAs was influenced by the combined
action of (a) the base content variation and (b) the asymmetrical compositional biases of the
stems. These latter in several cases were opposite to the values computed for the strand encod-
ing the analysed tRNAs. In particular, the range of variation and the fluctuation of base con-
tent, AT- and GC-skews, had a major impact on the type and abundance of CSBPSs (Fig 2; S1
Extended Results; S5 and S6 Figs).
Finally, the abundance of FCBCs, HCBCs, and mismatches did not appear to be linked to
the genomic placement of different tRNAs (Figs 1 and 2). A couple of examples support this
statement. TrnA and trnN, both on the β-strand and adjacent, exhibited very different behav-
iours. In contrast, trnR and trnT, both on the α-strand and well separated, had very similar
patterns.
The stem positions associated with CSBPSs
The stem positions involved in base changes (hereafter named SPICs) were mapped and ana-
lysed in the different tRNAs (Figs 3 and 4). One, two and even all three types of substitutions
were observed in the same SPIC (e.g., trnF, Fig 3). The number of SPICs was very variable
within the 22 tRNAs (Fig 3). Due to the heterogeneity of the substitution patterns, a perfect
correspondence did not exist between the percentage of SPICs and the global percentage of
CSBPSs occurring in a single tRNA. Despite these vagaries, the percentage of SPICs was in
good agreement with the global percentage of CSBPSs. The percentages of SPICs and FCBCs
exhibited similar behaviours. Many more discrepancies existed among the percentage of SPICs
and the global percentages of HCBCs and mismatches (S1 Extended Results). Each tRNA
exhibited a unique pattern of SPICs and associated types of FCBCs, HCBCs, and mismatches.
The distributions of SPICs and CSBPSs are summarised in Fig 4. The occurrence of FCBCs
was very variable in the pairs. Some pairs (e.g., 2ac-pair) never presented an FCBC (Fig 4a).
In contrast, other pairs (e.g., 4ac-pair) were hot spots for the occurrence of FCBCs. In general,
the acceptor, the anticodon, and the TCC stems contained most of the SPICs associated with
FCBCs. The DHU stem had a very limited number of SPICs associated with FCBCs (S1
Extended Results).
The SPICs associated with HCBCs were variably distributed in the different tRNAs (Fig 4a;
S1 Extended Results). Some positions were heavily involved with HCBCs (e.g., the 5’ end of
dh1-pair), while others never exhibited an HCBC. Furthermore, the 5’ end and 3’ end could
behave differently in the same pair (S1 Extended Results).
The SPICs associated with mismatches were more abundant on acceptor and TCC stems.
Additionally, the anticodon stem presented several SPICs linked to mismatches. Very few
SPICs hosting mismatches occurred in the DHU stem. Mismatches were never detected in
some positions (Fig 4a). When the global percentage of FCBCs, HCBCs, and mismatches
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occurring at the different SPICs was evaluated, the patterns that emerged largely mirrored the
abundance of SPICs described above (Fig 4b).
The occurrence of HCBCs and of mismatches exhibited an evident 5’ end or 3’ end distribu-
tional bias in the pairs of some tRNAs (Fig 3; S8 and S9 Figs; S1 Extended Results).
Finally, the known distribution of positions in the stems, where post-transcriptional modifi-
cations occur, was mapped and compared to the SPIC behaviour (Fig 4). A simple pattern link-
ing these positions with CSBPSs/SPICs was not identified.
Phylogenetic distribution of CSBPSs
The distribution of CSBPSs along the reference tree is summarised in Fig 5, while the full
details are provided in S7–S9 Figs.
A total of 70.32% of the CSBPSs were associated with living species of Cetacea, while the
remaining 29.68% were divided among the internal nodes of the tree. In living species, the per-
centage of FCBCs was 66.91%, that of HCBCs was 72.19%, and that of mismatches was 69.39%
(Fig 5).
Fig 3. Distribution of CSBPSs in a single tRNA. CSBPS, change in sequence in a base pair of a stem; FCBC, fully
compensatory base change; HCBC, hemi compensatory base change; Mismatch, mismatch in a base pair of a stem;
SPIC, stem position involved in base change. The number/percentage of SPICs is provided in cyan. A green
background is used to mark the number of FCBCs occurring in a tRNA as well as the percentage that they represent
with respect to the total number of FCBCs. The orange and red backgrounds are used for the number/percentage of
HCBCs and Mismatches. A purple background is used for number/percentage of CSBPSs.
doi:10.1371/journal.pone.0158129.g003
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The four FCBCs of type II that were identified in Cetacea (see above) had a variable taxo-
nomic distribution. Two were restricted to a single species i.e., K. breviceps (trnN), and I. geof-
frensis (trnE) (S1 tRNAMultiple Alignments). The FCBC occurring in trnH appeared at the
onset of Cetacea. During the cladogenetic process, successive FCBCs of type I, HCBCs and a
mismatch were substituted for this CSBPS in some cetacean species (S7–S9 Figs, S1 tRNAs
Multiple Alignments, trnH). Finally, the FCBC of type II found in trnQ characterised most
of Odontoceti (except for P.macrocephalus + K. breviceps) and was followed by successive
HCBCs.
The analysis of the distribution of the CSBPSs revealed the occurrence of a dynamic, contin-
uous, and ongoing evolutionary mechanism of changes in the stems of tRNAs. The oldest
CSBPSs were followed by successive changes (marked with an asterisk in Fig 5) that occurred
in descendant groups at different taxonomic ranks (S7–S9 Figs). The CSBPSs were in several
cases molecular signatures for the different clades (S1 Extended Results). In contrast, in other
cases, the CSBPSs represented events of convergent/parallel evolution (S1 Extended Results).
Finally, the substitution pattern produced in some cases a secondary reversion to the condition
observed in outgroups due to the limited possibility of combinations of the four bases (S1
Extended Results).
The distribution of CSBPSs in living Cetacea exhibited a broad range of variation (Fig 5; S7–
S9 Figs, S1 tRNAMultiple Alignments). Most of Mysticeti showed a smaller number of CSBPSs
as Odontoceti. E. robustus and, more markedly, C.marginata were two exceptions to this
behaviour. Within Odontoceti, most of Delphinidae exhibited a lower number of CSBPSs than
Fig 4. Global distribution of SPICs and CSBPSs in cetacean tRNAs.CSBPS, change in sequence in a
base pair of a stem; FCBC, fully compensatory base change; HCBC, hemi compensatory base change;
Mismatch, mismatch in a base pair of a stem; SPIC, stem position involved in base change. (a) Percent of
SPICs in the whole set of tRNAs involved in CSBPSs. The extension of the slices determining the percent and
type of FCBCs, HCBCs, and Mismatches was scaled assuming that the whole coverage of a Pie graph was
reached only when the considered position resulted in an SPIC for the entire set of tRNAs. (b) Percent of
CSBPSs occurring in a considered SPIC with respect to the total number of CSBPSs. The cyan arrows point to
stem positions known to be interested in species of Mammalia by an editing activity in at least one tRNA.
doi:10.1371/journal.pone.0158129.g004
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Fig 5. Mapping of CSBPSs in the Cetacea phylogenetic tree.CSBPS, change in sequence in a base pair of a stem; FCBC, fully
compensatory base change; HCBC, hemi compensatory base change; Mismatch, mismatch in a base pair of a stem; Number of
FCBCs, HCBCs, and Mismatches (included their sum CSBPSs) occurring at the nodes of the reference phylogenetic tree. The
asterisk associated with some CSBPS values indicates that these CSBPSs were subjected to successive changes in one/some of the
taxa downstream of the considered node. For details on the type of FCBCs, HCBCs, and mismatches occurring at a single node,
please refer to S7–S9 Figs.
doi:10.1371/journal.pone.0158129.g005
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did members of other families. P. blainvillei and L. vexillifer showed the maximum number of
CSBPSs. Other species with at least 20 CSBPSs were Berardius bairdii, I. geoffrensis, K. brevi-
ceps, Pl.minor, and P.macrocephalus. The O. orca complex was a peculiar case to be analysed.
If this taxon was considered an assembly of multiple cryptic species, a very low number of
CSBPSs could be detected. In contrast, if different specimens of O. orca were considered to be
derived from a single species, then a minimum of 17 CSBPSs could be assigned to this taxon
(Fig 5).
A comparison of the reference topology (S1 Fig) with the distribution of CSBPSs (Fig 5)
showed that a good agreement existed among the lengths of the branches and the numbers of
CSBPSs.
M. grayi and N. asiaeorientalis were not considered in most of the analyses performed in the
present paper (see Materials and Methods above). However, it was possible to include the
tRNAs of these species in the multiple alignments (S1 tRNAMultiple Alignments).
The analysis of these alignments allowed us to identify forM. grayi at least 5 FCBCs, 3
HCBCs and 2 mismatches. Particularly interesting was the presence in the 2tp-pair of trnN of a
type II FCBC (i.e., A–T vs. T–A). The total number of 10 CSBPSs found inM. grayi agreed
with the values obtained for otherMesoplodon species (Fig 5).
Two HCBCs were unquestionably peculiar to N. asiaeorientalis. They were located at the
5tp-pair of trnD and at the 2tp-pair of trnS2. Furthermore, N. asiaeorientalis shared with N.
phocaenoidesmost of the CSBPSs recorded for this latter species (Fig 5; S1 tRNAMultiple
Alignments).
Intraspecific variation in CSBPSs
The intraspecific level of CSBPS variation was studied in nine cetacean species (S1 Extended
Results, S2 Table). The analyses were performed for Balaenoptera physalus,M. densirostris,
Mesoplodon europaeus, O. orca, P.macrocephalus, Tursiops aduncus, Tursiops australis, Tur-
siops truncates, and Z. cavirostris. Intraspecific FCBCs were not identified, regardless of the
number of mtDNAs analysed (8–152). In contrast, a variable but limited number of HCBCs
and mismatches was detected. The number of tRNAs containing these CSBPSs varied from 1
(M. europaeus and T. australis) to 13 (B. physalus). In general, the intraspecific variation in
CSBPS was limited.
Discussion
Proximate causes of tRNA evolution in Cetacea
As outlined in the introduction, tRNAs are at the core of mitochondrial activity and play a key
role in the synthesis of mtDNA-encoded proteins.
Our analysis focussed on the changes that occurred in the stems of 22 tRNAs because they
have a major impact on the structural integrity of these molecules. It is the conservation of the
structural integrity, tightly linked to the ability to properly deliver the amino acid inside the
mitochondrial ribosome, that dictates the limit in variation that every tRNA can afford during
its evolution.
The results in the present paper show that the 22 mitochondrial tRNAs experienced contin-
uous change during the cladogenesis of Cetacea. However, these changes occurred in different
tRNAs with very different paces in terms of both numbers and types. This finding supports the
view of a complex relationship among tRNAs and several factors that can produce variation in
the stem pairs. Furthermore, it is evident that a fine tuning of the actions exerted by several
causes determined the diversity of effects described above.
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A total of 136 FCBCs, 320 HCBCs and 147 mismatches were identified in the analysis of
94T-set. A few more CSBPSs were detected inM. grayi, N. asiaeorientalis and in the study of
the intraspecific variation of selected species (see above). These latter CSBPSs did not substan-
tially alter the main outputs derived from the analysis of 94T-set. Thus, the discussion will be
focused mostly on the results obtained from the principal dataset.
Type I FCBCs dominated the evolution of cetacean tRNA stems (97%), while type II FCBCs
were very rare events. The occurrence of type I FCBCs was strongly favoured and promoted by
the pivotal role played by the G•T, T•G pairs involved in most HFBCs. Indeed, these pairs pro-
vide a very efficient switch to pass from A–T to G–C and vice versa without disrupting the
stem integrity through two rounds of HCBCs. In contrast, a type II FCBC requires an interme-
diate mismatch involving a couple of identical bases, potentially hampering the stem structure
or the simultaneous substitution of both nucleotides of pair with different types of bases, a very
rare event.
It has been shown that A–T and G–C pairs (and their symmetrical opposites) represent the
top peaks of the fitness landscape describing the evolutionary history of mitochondrial tRNAs
[66]. In contrast, G•T and A|C pairs are regarded as valleys of lower fitness that must be
crossed to go from one peak to the other [66]. However, the two valleys are structurally very
different because G•T does not jeopardise the tRNA stem structure, while A|C hampers the
stem integrity. Thus, in the fitness landscape, the G•T valley can easily be crossed. In contrast,
the pathway passing through A|C to go from A–T to G–C and vice versa is much steeper. This
statement is corroborated by different types of scientific evidence ranging from structural biol-
ogy [23] and free energy calculations for different base pairings [24] to comparative sequence
analysis and homology modelling [21] applied not only to tRNAs but to various types of RNA
molecules. Finally, the valley connecting the two peaks representing the alternative pairs of a
type II FCBC is very deep and difficult to be crossed, as demonstrated by the extremely limited
number of these events in Cetacea. The difficulty in passing through such a valley is further
corroborated by the fact that the mismatch can be almost/fully fixed, as shown in present study
for trnN. However, a mismatch is not necessarily a defect for a stem provided that it may repre-
sent a recognition signal for molecular partners [36]. Thus, it can remain in tRNA for a long
time.
Our analysis showed that the most active stem positions are involved with CSBPSs, and the
positions that are affected by post-transcriptional modifications on tRNAs are linked by a com-
plex pattern, also considering that our knowledge of the occurrence of the latter in Mammalia
is rather limited [19].
The abundance of codon families does not appear to have had a major impact on CSBPS
evolution. The composition of the strand encoding the different tRNAs as well as the AT- and
GC-skews exerts some control on the global pattern observed for CSBPSs as previously out-
lined by Helm et al. [36]. However, the distribution of FCBCs, HCBCs and mismatches is
much more influenced and controlled by the base composition, AT-skew, and GC-skew of the
tRNA stems. Indeed, our analysis has shown that it is the range of variation of composition
and skews, particularly the extent of fluctuation from positive to negative values in the tRNA
stems, that deeply affects the dynamics of the observed changes. Furthermore, this behaviour
can be heterogeneous even in different stems of the same tRNA and determines, at a micro-
scale level, the occurrence and abundance of different CSBPSs. The latter can be limited to sin-
gle species or extended to a variable number of taxa. A stochastic component certainly influ-
ences this process and acts at the most dynamic pairs of the stems generating the convergent/
parallel evolutionary changes described above. This does not mean that tRNA stems evolve at a
very fast pace, as demonstrated by the values of the (maximum composite likelihood distance
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—p-distance) difference, which demonstrated that the substitution process is very far from
saturation.
The type and distribution of CSBPSs is not only variable among the 22 tRNAs but also very
different among different species. Thus, some CSBPSs can be proficiently used as good molecu-
lar signatures to delimit and define clades within Cetacea. The CSBPS intraspecific variation
was limited, and no FCBCs were detected among the analysed species. However, the samples
were small, and a much better coverage is necessary to fully assess this point.
The analysis of the distribution of CSBPSs in the Cetacea tree allowed us to hypothesise the
role played by some factors in the evolutionary changes that occurred in the mitochondrial
genome of Cetacea during their return to water. These evolutionary pathways are discussed in
the next paragraph.
Anatomical and physiological requirements and tRNA evolution
Recent evidence [67] suggests that gene families associated with stress-responsive proteins and
anaerobic metabolism are expanded in cetaceans, while genes linked to sensory receptors and
body hair are contracted (for the latter, see also Nery et al. [68]). This confirms that whale and
dolphin genomes reflect the physiological need for a breath-holding based metabolism and
intense stress due to increased reactive oxygen species and a high-salt environment. The high
energy requirements of life in the water are testified also by the parallel evolution of the IDH2
gene, which encodes an enzyme involved in aerobic metabolism in cetaceans, primates and
bats [69].
In fact, a novel expansion of a polyalanine tract of the homeobox (Hox) genes Hoxd12 and
Hoxd13 in cetaceans implicates a selective pattern of development of the specific morphology
of the thoracic limb that is transformed into the typical flipper [70]. Conversely, in contrast to
that expected, the primate-dolphin comparison showed that the evolution ofmicrocephalin
(MCPH1 brain-development gene) was not associated with brain size in cetaceans [71], thus
failing to pinpoint an evolutionary factor responsible for the highest brain mass in the clade of
mammals.
According to our data, the distribution of CSBPSs is very variable in the different cetacean
families (Fig 5). Most species of Delphinidae exhibit fewer CSBPSs than do other toothed
whales. The O. orca complex represents the main exception to this behaviour. The smaller
number of CSBPSs observed in Delphinidae has possibly been influenced by a combination of
the physiological requirements of the species belonging to this family (see below) as well the
relative younger age of the clade with respect to that of other Cetacea lineages [55].
Phocoenidae and Monodontidae exhibit a number of CSBPSs slightly higher than but still
comparable to that of Delphinidae. The shape of the body and the general food preferences of
these three families are similar and may cause the differences in the deep divers, including
Kogiidae, Physeteridae and Ziphiidae, and in the estuarine and freshwater species, including
Pontoporiidae, Iniidae, Lipotidae and Platanistidae. Toothed whales that live in estuarine and
freshwater habitats and cetaceans that repeatedly hunt at great depths face different but equally
challenging physiological stresses only partially shared by taxa living in less extreme environ-
ments [72,73]. We also emphasise that some physiological parameters (including bradycardia
at great depths) show specific characteristics (high percentage of arrhythmias), at least in the
trained bottlenose dolphin T. truncatus [74], indicating the persistence of ancestral terrestrial
traits in cardiac functions that would be difficult to maintain during the routine deep foraging
of beaked and sperm whales.
The reference tree used to map the CSBPSs (S1 Fig) was obtained from the analysis of the
amino acid alignment. The length of the branches provides good evidence for the amount of
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positive selection that occurred in the 13 proteins encoded in the mitochondrial genome. The
branches connecting estuarine, freshwater and deep divers of Odontoceti are among the lon-
gest observed in the reference tree (S1 Fig). Indeed, they are significantly longer that those con-
necting other cetacean taxa (p< 0.0005; one-tailed Student’s t-test, unequal sample sizes, and
unequal variances). This finding supports the view that in these taxa, the proteins were sub-
jected to positive selection, as shown previously for P.macrocephalus [75]. CSBPSs are much
more abundant in taxa that are characterised by long branches (Fig 5; S1 Fig) than in other
cetacean species (p< 0.00005; one-tailed Student’s t-test, unequal sample sizes, and unequal
variances). This match supports the view that not only did PCGs and their protein products
experience positive selection, but tRNAs were subjected to an acceleration of the substitution
process, which increased the number of CSBPSs. We suggest here that the challenging environ-
ments inhabited by estuarine, freshwater and deep water Odontoceti were responsible for at
least part of the increased rate of base changes observed in the mitochondrial genomes of these
taxa. Extreme environmental conditions have left their signature in the control region and in
the coding genes of the mitochondrial genomes of high-altitude mammals [76]. Similarly, the
mtDNA of the pika Ochotona curzoniae appears to harbour evidence of adaptation to cold and
hypoxia [77]. In general, signatures of adaptive evolution have been found in the mitochondrial
genomes of various mammals with specialised metabolic requirements [78].
Alternatively, it could be argued that the diverse numbers of CSBPSs observed in the various
toothed whales are simply the result of a random substitution process linked to the different
ages of the species. In this scenario, older species exhibit a higher number of CSBPSs because
there was more time available for random substitution to occur.
To test this second hypothesis, which it is not necessarily an alternative to the environment-
driven evolution described above, we compared the abundance of CSBPSs with the age of the
taxa.
Different time estimations exist for the appearance and split of major phyletic lineages of
Cetacea [12,15,55–58,62,63]. Dating is not consistent in different papers, and discrepancies
exist (see the references cited above).
The currently most complete dating for the Cetacea clade is that provided by McGowen et al.
[55]. According to these authors and considering only the dates relevant for the present paper,
we have the following estimates (in brackets is the 95% interval range): (a) 24.21 MYA (15.83–
31.93) for the split between P.microcephalus and Kogia genus; (b) 16.68 MYA (11.35–22.51) for
the split between I. geoffrensis and P. blainvillei; c) 22.15 MYA (16.93–27.30) for the occurrence
of the last common ancestor of L. vexillifer and I. geoffrensis + P. blainvillei; d) 32.43 MYA
(27.92–37.07) for the appearance of the lineage leading to Platanista genus; e) 10.08 MYA
(7.34–12.88) for the onset of Delphinidae; and f) 13.80 MYA (9.99–19.32) for the origin of
Balaenopteridae + E. robustus. These estimations are more or less in agreement with the molec-
ular dating based on complete mtDNA published by Hassanin et al. [15]. These authors provide
the following estimates: a) 21.9 ± 3.6 MYA for the split between P.macrocephalus and K. brevi-
ceps; b) 14.0 ± 3.0 MYA for the split between I. geoffrensis and P. blainvillei; and c) 19.9 ± 3.2
MYA for the last common ancestor of L. vexillifer and I. geoffrensis + P. blainvillei.
Despite the variation in the absolute values of the estimates, the split between P.macroce-
phalus and Kogia occurred clearly before the separation between I. geoffrensis and P. blainvillei.
Furthermore, L. vexillifer belongs to an older branch than the two species just mentioned.
Finally, the differentiation of the lineage giving birth to the Platanista genus was a very early
cladogenetic event. All of these taxa exhibit similar numbers of CSBPSs, and younger species
may present more CSBPSs that do older species (O. blainvillei vs. K. breviceps). Similarly, even
if we assigned to Balaenopteridae species the CSBPSs of the intermediated nodes present in the
pathways connecting the root of this family with current taxa, thus spanning the whole 13.80
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MYA of evolution, we still have much lower values than those of P. blainvillei. An analogous
reasoning can be applied to Delphinidae.
As shown in the Results section, the substitution process in the stems of tRNAs is far from
saturation. Thus, the observed distribution of CSBPSs cannot be explained in terms of pure
random drift, even if random drift cannot be fully excluded and certainly plays/played some
role in Cetacea tRNA evolution.
C.marginata was the only baleen whale with a high number of CSBPSs (Fig 5). This species
is the sole living representative of a lineage thought to be extinct [79], and its physiology and
habitat requirements are poorly known [80]. Thus, it is currently impossible to identify the
main forces that shaped the evolution of mitochondrial tRNAs in this taxon.
Concluding remarks
During the transition from terrestrial to aquatic environments, the body plan and the physiol-
ogy of Cetacea were extensively modified, and strong molecular signatures of these changes are
becoming well documented in their nuclear genomes [81]. The results presented in this paper
show that mitochondrial genomes harbour in their sequences evidence of the transition from
terrestrial to aquatic environments and also permit differentiation among the different habitats
currently inhabited by Cetacea.
The evolution of CSBPSs was not constant during the cladogenetic process that lead to cur-
rent Cetacea and experienced two peaks of acceleration. The first peak occurred during the
return to the water by the common ancestors of whales, dolphins and their relatives. The sec-
ond one arose with the entering of some taxa into the more demanding environments repre-
sented by freshwater, estuarine and deep water habitats (Fig 5).
We outline here that the “extreme environment” hypothesis of the evolution of cetacean
tRNAs represents the best interpretation of our data given the analyses performed in the pres-
ent work. However, we do not claim that the evolution of the tRNAs was shaped only/mostly
by harsh environmental conditions. The process was certainly influenced by other causes,
including the genetic drift described above. Thus, further studies are necessary to improve our
current understanding of the evolution of cetacean tRNAs.
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S1 Extended Results. File including more details on the analyses performed in this paper.
(PDF)
S1 Fig. The phylogeny of Cetartiodactyla.Maximum likelihood (-lnL = 66963.002109) phylo-
gram depicting the phylogenetic relationships among the major clades of Cetartiodactyla. The
tree was created by analysing the amino acid 94T-set (3716 positions) with the RAxML 7.4.2
program implemented in raxmlGUI 1.3.1. The evolutionary model was MTMAM + F + CAT.
Thirteen partitions were applied: one for every protein. The numbers represent bootstrap val-
ues expressed in percent. Only bootstrap values 50% are provided for the nodes. The scale
bar represents 0.05 substitutions/site.
(PDF)
S2 Fig. The mitochondrial genome of Ziphius cavirostris. The gene order is depicted and lin-
earised starting from cox1. Genes encoded on the α-strand (right to left orientation) are
underlined in green, while those encoded on the β-strand are underlined in red (left to right
orientation). Gene nomenclature: atp6 and atp8: ATP synthase subunits 6 and 8; cob: apocyto-
chrome b; cox1-3: cytochrome c oxidase sub-units 1–3; nad1-6 and nad4L: NADH dehydrogenase
subunits 1–6 and 4L; rrnS and rrnL: small and large subunit ribosomal RNA (rRNA) genes;
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and X: transfer RNA (tRNA) genes, where X is the one-letter abbreviation of the corresponding
amino acid. In particular, L1 identifies the CTN codon family, L2 the TTR codon family, S1 the
AGY codon family, and S2 the TCN codon family. CR, Control Region. OL, origin of duplica-
tion of the light strand. A black circle located between two adjacent genes denotes the presence
of an intergenic spacer (in white is the number of nucleotides forming the spacer). A white cir-
cle located between two adjacent genes denotes the presence of an overlapping segment (in red
is the number of nucleotides forming the segment). Isp, intergenic spacer; start, start of the
gene; end, end of the gene; size, size of the gene. For protein-coding genes, the start codon is
provided in cyan and the stop codon in red (with incomplete stop codons written in parenthe-
ses). The anticodon is provided for every tRNA (e.g., tga for trnS2).
(PDF)
S3 Fig. Secondary structure of Cetacea tRNA and level of conservation (trnA-trnK). pDis,
p-Distance calculated for each pairwise-comparison orthologous tRNAs. MLdis, maximum
composite likelihood distance calculated for every pairwise-comparison. DIF (MLdis–pDis),
the difference between MLdis and pDis. The average values and the standard deviation are pro-
vided for both pDis and DIF. The values were computed for each set of orthologous tRNAs.
(PDF)
S4 Fig. Secondary structure of Cetacea tRNA and level of conservation (trnL1-trnV). pDis,
p-Distance calculated for each pairwise-comparison orthologous tRNAs. MLdis, maximum
composite likelihood distance calculated for every pairwise-comparison. DIF (MLdis–pDis),
the difference between MLdis and pDis. The average values and the standard deviation are pro-
vided for both pDis and DIF. The values were computed for each set of orthologous tRNAs.
(PDF)
S5 Fig. AT-skew vs. A+T% and GC-skew vs. G+C% in the 94T-set mtDNAs. The values were
calculated on the α-strand of the full-length mtDNA genomes. The X axis provides the skew
values, while the Y axis provides the A+T% and G+C% values.
(PDF)
S6 Fig. AT-skew vs. A+T% (A), and GC-skew vs. G+C% (B) in Cetacea mtDNAs. The values
were calculated on the α-strand of the full-length mtDNA genomes. The X axis provides the
AT- and GC-skew values, while the Y axis provides the A+T% and G+C% values. Species with
a placement that is difficult to identify in the main plots are depicted in the frames.
(PDF)
S7 Fig. Mapping of FCBCs on the Cetacea phylogenetic tree. FCBC, fully compensatory base
change; SPIC, stem position involved in base change. The tRNA and the stem pair involved in
FCBCs are mapped on the corresponding nodes of the reference phylogenetic tree. The tRNAs
are depicted with the single-letter IUPAC code used for the corresponding amino acid. In par-
ticular, L1 identifies the CTN codon family, L2 the TTR codon family, S1 the AGY codon fam-
ily, and S2 the TCN codon family. The stem pair involved in FCBC is provided in superscript.
The asterisk, associated with some FCBCs indicates that these FCBCs were subjected to succes-
sive changes in one/some of the taxa located downstream of the considered node.
(PDF)
S8 Fig. Mapping of HFBCs on the Cetacea phylogenetic tree.HFBC, hemi-compensatory
base change; SPIC, stem position involved in base change. The tRNA and the SPICs involved
in HFBCs are mapped on the corresponding nodes of the reference phylogenetic tree. The
tRNAs are depicted with the single-letter IUPAC code used for the corresponding amino acid.
In particular, L1 identifies the CTN codon family, L2 the TTR codon family, S1 the AGY
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codon family, and S2 the TCN codon family. The SPIC involved in HFBC is provided in super-
script. The asterisk associated with some HFBCs indicates that these HFBCs were subjected to
successive changes in one/some of the taxa located downstream of the considered node. A
SPIC located on the 5’ side of a stem-pair is marked in orange, while a SPIC placed on the 3’
end of a pair is purple.
(PDF)
S9 Fig. Mapping of Mismatches on the Cetacea phylogenetic tree.Mismatch, mismatch in
a base pair of a stem; SPIC, stem position involved in base change. The tRNAs and SPICs
involved in mismatches are mapped on the corresponding nodes of the reference phylogenetic
tree. The tRNAs are depicted with the single-letter IUPAC code used for the corresponding
amino acid. In particular, L1 identifies the CTN codon family, L2 the TTR codon family, S1 the
AGY codon family, and S2 the TCN codon family. The SPIC involved in a mismatch is pro-
vided in superscript. The asterisk associated with some mismatches indicates that these mis-
matches were subjected to successive changes in one/some of the taxa located downstream of
the considered node. A SPIC located on the 5’ side of a stem-pair is marked in orange, and a
SPIC placed on the 3’ end of a pair is purple.
(PDF)
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S1 Supplementary Extended Results 
 
The mitochondrial genome of Ziphius cavirostris 
The mtDNA of a specimen of Z. cavirostris, sequenced for this paper, is briefly described here. The 
new mitochondrial genome was 16,352 bp long. This value was very close to the average value 
obtained for the dataset analysed in the present work (16,436 ± 124). The Z. cavirostris genome 
contained the 37 genes almost universally found in animal mtDNAs i.e., 13 PCGs, two ribosomal 
rRNAs and 22 tRNAs. The gene order was typical for vertebrate mtDNAs (Fig 1), with 28 genes 
encoded on the α-strand and nine present on the opposite β-strand. Most of the PCGs started with 
ATG and ended with TAA or the incomplete stop codons TA(a) and T(aa). The genes on the 
same/opposite strand overlapped, were contiguous or were separated by intergenic spacers 
encompassing a variable number of nucleotides (S2 Fig). The mtDNA sequence of Z. cavirostris is 
available in EBI/GenBank under accession number LN997430. 
 
Occurrence of CSBPSs in the tRNAs of Cetacea 
The computation of values of the p-distance and (maximum composite likelihood distance – p-
distance) difference allowed the level of conservation and the possible underestimation of the 
substitution patterns in Cetacea tRNAs (S3 and S4 Figs) to be determined. The most conserved tRNA 
was trnG (average-pDis = 0.049 ± 0.026) and the most variable was trnH (average-pDis = 0.134 ± 
0.059). The minimum DIFF value (average-DIF = 0.000 ± 0.002) and the maximum value (average-
DIF = 0.027 ± 0.019) were observed respectively in trnE and trnH. The (maximum composite 
likelihood distance – p-distance) difference values demonstrated that the observed CSBPSs did not 
grossly underestimate the true number of CSBPSs in the tRNAs. 
A total of 603 CSBPSs (136 FCBCs, 320 HCBCs, 147 mismatches) were identified in the tRNAs of 
Cetacea (Fig 2; S10 tRNAs multiple alignments). 
Most of FCBCs were of type I (131). These FCBCs were split in 36 A–T vs. G–C, 49 G–C vs. A–T, 
24 C–G vs. T–A, 22 T–A vs C–G. The distribution on α-/β-strand tRNAs of type I FCBCs was 35/1, 
38/11, 19/5, and 22/2. Four FCBCs were of type II. T–A vs. A–T occurred on the 5an-pair of trnH. 
G–T vs. T–A was found on the 7ac-pair of trnQ. C–G vs. A–T was identified on the 2tp-pair of trnE. 
A–T vs. T–A was detected on the 2tp-pair of trnN (Fig 2; S10 tRNAs multiple alignments). This latter 
case showed the complete pathway of the process leading to a type II FCBC. Indeed the ougroups 
had the T–A pair, most of the ingroup taxa exhibited the mismatch T|T, and K. brevices and 
Mesoplodon grayi (see below for this latter species) exhibited the A–T pair. Finally, a peculiar FCBC 
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occurred in trnF (i.e. G•T vs. A|C), where a double change of bases generated a correct pairing against 
a mismatch. 
The number of FCBCs, detected in a single tRNA, ranged from 1 (trnC, trnE, trnI, trnN, trnS2) to 18 
(trnH). Ten or more FCBCs were found only in the α-strand encoded trnF, trnH, trnK, trnR, trnS1 
(Figs 1 and 2). Except for trnY (8 FCBCs), the β-strand tRNAs exhibited four or less FCBCs. The 
bases alternating on the type I FCBCs followed three patterns (a-c). (a) Only purines alternated at the 
5’ end of the pair and solely pyrimidines occurred at the 3’end (trnD, trnG, trnI, trnL2 and trnW). (b) 
Both purine/pyrimidine bases occurred in the substitution at 5’ and 3’ends of the pair (trnA, trnF, 
trnH, trnK, trnL1, trnP, trnR, trnS1, trnT, trnV, trnY) with a variable prevalence of the first/second 
type of base. (c) Only pyrimidines alternated at the 5’end and only purines occurred at the 3’end of 
the pair (trnC, trnM, trnS2) (S10 tRNAs multiple alignments). 
The 320 HCBCs were distributed mainly in four symmetrical types a-d: (a) [5’ (A vs. G), 3’ (T)] (43) 
and its counterpart [5’ (T), 3’ (A vs. G)] (16); (b) [5’(C vs. T), 3’ (G)] (6) and its opposite [5’ (G), 3’ 
(C vs. T)] (26); (c) [5’ (G vs. A), 3’ (T)] (67) and the opposite [5’ (T), 3’ (G vs. A)] (60); (d) [5’ (T 
vs. C), 3’ (G)] (23) and its counterpart [5’ (G), 3’ (T vs. C)] (33). Abundant was also the type (31) 
[5’ (A), 3’ (T vs. C)]. The α-strand tRNAs showed 144 HCBCs, while the β-strand tRNAs exhibited 
176 HCBCs (Fig 2). 
The HCBCs had a distribution β-strand biased. The maximum number of HCBCs occurred in trnE 
(35). Numerous HCBCs (≥23) were present in trnA, trnP, trnQ, trnS2, and trnY. The trnC (11 
HCBCs) and more markedly trnN (0 HCBC) were exceptions. The HCBCs distribution was variable 
in the α-strand tRNAs with values ranging from 17 (trnH) to 2 (trnM, trnV). 
The 147 mismatches belonged to 35 different types (Fig 2). Only the most abundant are described in 
details below. The symmetrical [5’ (A vs. G), 3’(C)] and [5’(C), 3’ (A vs. G)] mismatches occurred 
respectively 25 and 6 times. The [5’ (C vs. T), 3’ (A)] and [5’ (A), 3’ (C vs. T)] mismatches were 
found respectively 23 and 34 times. The remaining 31 types occurred 59 times and accounted for the 
40.14% of the whole mismatches set. The distribution of mismatches was uneven and α-strand biased. 
Indeed ten α-strand tRNAs (i.e., trnF, trnH, trnK, trnL2, trnM, trnR, trnS1, trnT, trnV and trnW) 
accounted for most (131, 89.16%) of observed mismatches. Conversely, only seven mismatches 
occurred in the eight tRNAs of the β-strand. 
 
Patterns of CSBPSs distribution in the Cetacea tRNAs 
The distribution of CSBPSs was very variable in the tRNAs (Fig 2). Eight tRNAs of the α-strand 
(trnF, trnH, trnK, trnL2, trnR, trnS1, trnT and trnW) exhibited a linked distribution of FCBCs, 
HCBCs, and mismatches with all types of CSBPS ≥ 7. A second pattern, mainly observed in β-strand 
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tRNAs, implied a high number of HCBCs coupled with a low number of FCBCs and mismatches 
(trnA, trnC, trnE, trnG, trnP, trnQ, trnS2). The trnD, trnL1, and trnY exhibited a low number of 
mismatches coupled with a moderate number of FCBCs and a higher number of HCBCs. A low 
numbers of base changes characterised trnI, and trnN. Few FCBCs and HCBCs and good number of 
mismatches occurred in trnM. Finally, trnV exhibited a high number of mismatches coupled with a 
good number of FCBCs and a low number of HCBCs (Fig 2; S10 tRNAs multiple alignments). 
 
Factors influencing the occurrence and type of CSBPSs 
The total number of codons encoded by the cetacean mtDNAs was homogenous (average 3777.47 ± 
1.23). The minimum (3775) and maximum values (3781) were observed respectively in Orcaella 
brevirostris and P. minor. The number of codons for each codon family was also homogenous. The 
most abundant family was Leu1 (codons per thousand codons = 133.10 ± 3.72). The less abundant 
family was Cys (codons per thousand codons = 6.07 ± 0.22) (Fig 2). 
FCBCs, HCBCs, and mismatches were simultaneously abundant in α-strand tRNAs exhibiting a 
broad range of codons per thousand codons (trnH, trnK, trnR, trnS1, trnL2, trnF, trnT) (Fig 2). 
Mismatches were very low/absent in all the β-strand tRNAs. Mismatches were very low in trnL1 (1) 
and trnI (2), both encoded on α-strand, representing the first and third most abundant family. The 
smallest number of CSBPSs occurred in trnN (0 FCBC; 0 HCBC; 1 mismatch), one of the less 
abundant families (codons per thousand codons = 25.35 ± 0.50). On the opposite trnI, one of the most 
abundant tRNAs, ranked as the second for the minimum number of FCBCs (1), HCBCs (3) and 
mismatches (2). In general, there was not a simple pattern linking codon family abundances and 
richness of FCBCs, HCBCs, and mismatches (Fig 2). 
The bases contents, the AT-/GC-skews were computed for the tRNAs stems and compared with those 
of the encoding mtDNAs to test their effects on CSBPSs distribution (Fig 2; S5 and S6 Figs). 
The tRNAs of β-strand exhibited negative/null AT-skew, and positive/null GC-skews values (Fig 2). 
The α-strand tRNAs showed a more composite pattern. The trnS1 had always positive AT-skew 
values. In other tRNAs the AT-skews were negative/null (e.g., trnG), or varied from negative to 
positive values (e.g. trnF) within a more or less broad range. The GC-skew values were positive in 
trnL1, and positive/null in trnG. In other tRNAs the GC-skew values varied from negative to positive. 
The A+T contents were very variable (Fig 2). 
The majority of tRNAs exhibited always A+T content ≥ 50%. However, trnC, trnF, trnL2, trnP, trnR, 
trnS2, trnW, and trnY exhibited some sequences with A+T < 50%. The A+T content was always < 
50% in trnM stems. 
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On α-strand: (a) the tRNAs (i.e., trnD, trnI) with high A+T content (≥ 62.50%) and limited variation 
of AT-skews (± 0.04) and GC-skews (± 0.091) were linked to a small number of FCBCs; (b) a low 
A+T content (≤ 47.62%) combined with small AT-skew values (-0,176 – -0.059), and small GC-skew 
values (-0.040 – 0.043) was associated to a small number of FCBCs in trnM; (c) a high variation of 
A+T content coupled to a broad range variation of AT-, and GC-skews was linked to a high number 
of CSBPSs (e.g., trnF, trnH, trnL2, trnR, trnT). On β-strand a combination of always negative AT-
skews and always positive GC-skews coupled with variable A+T content was linked to a high number 
of HCBCs, and low number of both FCBCs and mismatches (e.g., trnA, trnE, trnP, trnQ). An 
invariable A+T content, limited variation of AT-skews, and constant GC-skews characterized trnN, 
that exhibited one FCBC, one mismatch and none HCBC. 
Globally, the occurrence of CSBPSs in different tRNAs was influenced by the combined action of 
the base content variation, and asymmetrical compositional biases of the stems that in several cases 
were opposite to the values computed for the strand encoding the analysed tRNAs. Particularly the 
range of variation and the fluctuation of bases content, AT-,and GC-skews had a major impact on the 
type and abundance of CSBPs (e.g., trnH vs. trnN) (Fig 2; S5 and S6 Figs). 
Finally, the abundance of FCBCs, HCBCs, and mismatches did not appear to be linked to the genomic 
placement of different tRNAs (Figs 1 and 2). A couple of examples support this statement. TrnA and 
trnN, both on β-strand and adjacent, exhibited very different behaviours. Conversely trnR and trnT, 
both on α-strand and well separated, had very similar patterns. 
 
The stem-positions associated to CSBPSs 
The stem positions involved in base changes (hereafter named SPICs) were mapped and analysed in 
the different tRNAs (Figs 3 and 4). One, two and even all three types of substitution were observed 
in the same SPIC (e.g., trnF, Fig 3). The number of SPICs was very variable within the 22 tRNAs 
(Fig 3). The smallest number (2) of SPICs (5.00 % of the 40 stem-positions) occurred in trnN. At the 
opposite, trnH presented 23 SPICs (54.76% of the 42 stem-positions) (Fig 3). Due to the 
heterogeneity of the substitution patterns, a perfect correspondence did not exist between the 
percentage of SPICs and global percentage of CSBPSs occurring in a single tRNA. Thus, trnH, 
exhibiting the maximum number of SPICs, hosted 7.30% of the total 603 CSBPSs. Conversely, trnR, 
having a lower percentage of SPICs (47.62%) hosted 9.45 % of total CSBPSs. Similarly, trnQ with 
only 11 SPICs (26.19%) contained 5.47% of total CSBPSs, a value observed in tRNAs with SPICs 
percentages ≥ 35% (e.g., trnY). Despite these vagaries, the percentage of SPICs was in good 
agreement with the global percentage of CSBPSs. The percentages of SPICs and FCBCs exhibited a 
similar behaviour. Much more discrepancies existed among the percentage of SPICs and global 
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percentages of HCBCs, and mismatches. A couple of examples corroborate this statement. The SPICs 
percentage for trnE was 35.71 % while the HCBCs percentage was 10.94%, more than twice the 
percentage of HCBCs (5.31%) observed in trnH, that possessed the highest percentage of SPICs (see 
above). Similarly, trnH and trnM presented comparable percentages (6.12% vs. 5.44%) of 
mismatches but very different percentages of SPICs (54.76% vs. 26.19%) (Fig 3). Every tRNA 
exhibited a unique pattern of SPICs and associated types of FCBCs, HCBCs, mismatches. 
The distributions of SPICs and CSBPSs were summarised in Fig 4. The occurrence of FCBCs was 
very variable in the pairs. None tRNA presented a FCBC in the 2ac-, and 4dh-pairs (Fig 4a). 
Conversely the 4ac-pair (7 tRNAs), the 2an-pair (7 tRNAs), and 2an-pair (8 tRNAs) were hot spots 
for the presence of FCBCs. The acceptor stem (3-6ac-pairs), the anticodon stem (1-2,5an-pairs) and 
the TΨC stem (2-4tp-pairs) contained most of SPICs associated to FCBCs. The DHU stem had a very 
limited number of SPICs associated to FCBCs. 
The SPICs associated to HCBCs were variably distributed in the different tRNA. However, some hot 
spots emerged. The 5’end of dh1-pair hosted at least an HCBCs in nine tRNAs. On the opposite, the 
3’end of 2dh-pair never exhibited an HCBC and the same was true for the 5’end of the 5tp-pair. The 
5’-end and 3’-end could behave differently in the same pair. Thus, the 5’end of 3tp-pair hosted an 
HCBC in seven different tRNA while the 3’end presented an HCBC only in two tRNAs. No HCBC 
occurred in 3’-end of 2dh-pair. 
The SPICs associated to mismatches were more abundant on acceptor and TΨC stems. The anticodon 
stem presented several SPICs associated to mismatches. Very a few SPICs hosting mismatches 
occurred in the DHU stem. Mismatches were never detected in some positions (e.g., 5’end of 1ac-
pair, 4dh-pair, 1tp-pair) (Fig 4a). When the global percentage of FCBCs, HCBCs, mismatches 
occurring at the different SPICs was evaluated, the patterns that emerged largely mirrored the 
abundance of SPICs just described above (Fig 4b). 
The occurrence of HCBCs exhibited an evident 5’end or 3’end distributional bias in the pairs of some 
tRNAs. In trnG 11 of the 12 HCBCs occurred at the 5’end of the involved pairs (Fig 3; S8 Fig). 
Likewise, in trnH 15 of the 17 HCBCs were located in the 3’end of the pairs (Fig 3; S8 Fig). Also, 
trnF, trnK, trnR, trnS1, trnT exhibited HCBCs distributional biases. The distribution of mismatches 
exhibited an evident 5’end or 3’end bias in trnF, trnG, trnR, trnS1, and trnW (Fig 3; S9 Fig). 
Finally the known distribution of positions in the stems, where occur posttranscriptional 
modifications, was mapped and compared with the SPICs behaviour (Fig 4). A simple pattern linking 
these positions with CSBPSs/ SPICs was not identified. 
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Phylogenetic distribution of CSBPSs 
The distribution of CSBPSs along the reference tree is summarized in Fig 5 while the full details are 
provided in the S7-S9 Figs. 
The 70.32% of the CSBPSs were associated to living species of Cetacea while the remaining 29.68% 
was divided among the internal nodes of the tree. In living species, the percentage of FCBCs was 
66.91%, that of HCBCs was 72.19%, and that of mismatches was 69.39% (Fig 5). 
The four FCBCs of type II identified in Cetacea (see above) had a variable taxonomic distribution. 
Two were restricted to a single species i.e. K. breviceps (trnN), and I. geoffrensis (trnE) (S10 tRNAs 
multiple alignments). The FCBC occurring in trnH appeared at the onset of Cetacea. During the 
cladogenetic process, successive FCBCs of type I, HCBCs and a mismatch substituted this CSBPS 
in some cetacean species (S7-S9 Figs, S10 tRNAs multiple alignments, trnH). Finally, the FCBC of 
type II, found in trnQ, characterized most of Odontoceti (except P. macrocephalus + K. breviceps) 
and was followed by successive HCBCs. 
The analysis of the distribution of the CSBPSs revealed the occurrence of a dynamic, continuous, and 
still ongoing evolutionary mechanism of changes on the stems of tRNAs. The oldest CSBPSs were 
followed by successive changes (marked with an asterisk in Fig 5) that occurred in descendant groups 
at different taxonomic ranks (S7-S9 Figs). The CSBPSs were in several cases molecular signatures 
for the different clades as shown in the examples described below a referred for simplicity to a single 
tRNA. 
The A–T vs. G–C, a FCBC of type I occurring at the 1dh-pair of trnH, distinguished the Ziphiidae 
from other Cetacea (Fig 5; S7 Fig). Similarly the [ 5’(G vs. A), 3’ (T)] HCBC, observed in the 7ac-
pair of trnH, differentiated P. blainvillei from other cetacean taxa (Fig 5; S8 Fig, S10 tRNAs multiple 
alignments, trnH). Finally, the T|C vs. T–A, a mismatch located at the 3’end of the 2tp-pair of the 
same tRNA, sets apart Delphinidae from other Cetacea (Fig 5; S9 Fig). 
In other cases, the CSBPSs represented events of convergent/parallel evolution. Thus, the T–A vs. 
C–G FCBC, located at the tp4-pair of trnF, was shared by Balaena misticetus and Eschrichtius 
robustus (Fig 5; S7 Fig, S10 tRNAs multiple alignments, trnF). Analogously, Neophocaena 
phocaenoides, O. brevirostris, Feresa attenuata and O. orca complex exhibited the same HCBC [ 
5’(G vs. A), 3’ (T)], at the 4ac-pair of trnD (Fig 5; S8 Fig, S10 tRNAs multiple alignments, trnD). 
Finally, the T|T vs. A–T mismatch, at the 6ac-pair of the trnC, appeared independently in Sousa 
chinensis and O. orca complex (Fig 5; S9 Fig, S10 tRNAs multiple alignments, trnC). 
The substitution pattern produced in some cases the secondary reversion to the condition observed in 
outgroups, due to the limited possibility of combinations of the four bases. Thus, in M. monoceros a 
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secondary A–T vs. G–C FCBC occurred in the 5ac-pair of trnW (Fig 5; S7 Fig, S10 tRNAs multiple 
alignments, trnW). Similar reversions were observed also for HCBCs and mismatches. 
The distribution of CSBPSs in living Cetacea exhibited a broad range of variation (Fig 5; S7-S9 Figs, 
S10 tRNAs multiple alignments). Most of Mysticeti showed a smaller number CSBPSs than 
Odontoceti. E. robustus (10 CSBPSs) and, more markedly, C. marginata (19 CSBPSs) were two 
exceptions to this behaviour. Within Odontoceti, most of Delphinidae exhibited a lower number of 
CSBPSs than members of other families. P. blainvillei and L. vexillifer showed the maximum number 
(30) of CSBPSs. Other species with at least 20 CSBPSs were Berardius bairdii (20), I. geoffrensis 
(23), K. breviceps (24), Pl. minor (28), and P. macrocephalus (26). O. orca complex was a peculiar 
case to be analysed. If this taxon was considered as an assembly of multiple cryptic-species a very 
low number of CSBPSs could be detected. Conversely, if different specimens of O. orca were 
considered to be derived from a single species, then a minimum of 17 CSBPSs could be assigned to 
this taxon (Fig 5). 
Comparison of the reference topology (S1 Fig) with the distribution of CSBPSs (Fig 5) showed that 
a good agreement existed among the lengths of the branches and the numbers of CSBPSs. 
The distribution of CSBPSs was further investigated in the ten species of Odontoceti with a minimum 
of 4 FCBCs (Fig 5). None tRNA, exhibiting at least one FCBC, was shared by all taxa. However, 
when a tRNA was shared by different species, a FCBC could be located in the same stem-pair in 
different taxa (e.g. 5ac-pair of trnH in P. blainvillei and P. macrocephalus) (S7 Fig, S10 tRNAs 
multiple alignments). Similar patterns were detected for HCBCs and mismatches (S8 and S9 Figs, 
S10 tRNAs multiple alignments). 
M. grayi and N. asiaorientalis were not considered in most of the analyses performed in present paper 
(see above Materials and methods). However, it was possible to include the tRNAs of these species 
in the multiple alignments (S10 tRNAs multiple alignments). 
The analysis of these alignments allowed to identify for M. grayi at least 5 FCBCs (trnH, 3tp-pair; 
trnN,; trnQ, 1-an-pair; trnT, 1an-pair; trnW, 5tp-pair), 3 HCBCs (trnC, 5’ end of 1ac-pair; trnF, 5’ 
end of 3an-pair; trnQ, 5’end of 3an-pair) and 2 mismatches (trnL2, 5’ end of 7ac-pair; trnV, 3’ end 
of 4an-pair). Particularly interesting was the presence in the 2tp-pair of trnN of a FCBC of type II 
(i.e. A–T vs. T–A). The total number of 10 CSBPSs found in M. grayi was in agreement with values 
obtained for other Mesoplodon species (Fig 5). 
Two HCBCs resulted unquestionably peculiar to N. asiaorientalis. They were located respectively at 
the 5tp-pair of trnD [(G), (T vs. C)], and at 2tp-pair of trnS2 [5’(A vs. G), 3’(T)]. Furthermore, N. 
asiaorientalis shared with N. phocaenoides most of CSBPSs recorded for this latter species (Fig 5; 
S10 tRNAs multiple alignments). 
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Intraspecific variation of CSBPSs 
The intraspecific level of CSBPSs variation was studied in nine cetacean species (S2 Table). The 
analyses were performed for Balaenoptera physalus, M. densirostris, Mesoplodon europaeus, O. 
orca, P. macrocephalus, Tursiops aduncus, Tursiops australis, Tursiops truncates, and Z. cavirostris. 
Intraspecific FCBCs were not identified, irrespective to the number of mtDNAs analysed (8–152). 
Conversely, a variable, but limited, number of HCBCs and mismatches was detected. B. physalus 
exhibited intraspecific HCBCs and mismatches in 13 tRNAs. M. densirostris presented CSBPSs in 
six tRNAs, while M. europaeus showed one HCBC in trnL2. In the O. orca complex intraspecific 
CSBPSs, not present in 7 sequences included in 94T-set, were found in seven tRNAs. P. 
macrocephalus exhibited CSBPSs in four tRNAs. T. aduncus, showed one HCBC in trnF and trnT. 
T. australis presented a mismatch in trnS1. In T. truncatus CSBPSs were found in trnD, trnF, trnL2, 
trnR, and trnV. Finally in Z. cavirostris a single HCBC was identified in trnD, trnH, trnK, trnL2, 
trnS1, and trnT. As a general behaviour, the intraspecific variation of CSBPSs resulted limited. 
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Figure S1. The phylogeny of Cetartiodactyla.
Maximum likelihood (-lnL = 66963.002109) phylogram depicting the phylogenetic relationships among the major clades of Cetartiodactyla.
The tree was created by analysing the amino acid 94T-set (3716 positions) with the RAxML 7.4.2 program implemented in raxmlGUI 1.3.1.
The evolutionary model was MTMAM + F + CAT. Thirteen partitions were applied: one for every protein. The numbers represent bootstrap
values expressed in percent.Only bootstrap values 50%are provided for the nodes.The scale bar represents 0.05 substitutions/site.≥
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Figure S7. Mapping of FCBCs on the Cetacea phylogenetic tree.
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Figure S8. Mapping of HFBCs on the Cetacea
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Figure S9. Mapping of mismatches on the Cetacea phylogenetic tree.
Mismatch mismatch SPIC SPICs
mismatches
SPIC mismatch superscript asterisk
SPIC SPIC
, in a base pair of a stem; , stem position involved in base change. The tRNAs and involved in
are mapped on the corresponding nodes of the reference phylogenetic tree. The tRNAs are depicted with the single-
letter IUPAC code used for the corresponding amino acid. In particular, identifies the CTN codon family, the TTR codon family,
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Table S1. List of taxa, accession number in GenBank and reference (1/3) 
 
   Perissodactyla   
  Equidae Equus caballus Linnaeus, 1758 X79547 Xu and Arnason 1994 
  Rhinocerotidae Ceratotherium simum (Burchell, 1817) Y07726 Xu and Arnason 1997 
Cetartiodactyla Montgelard, Catzeflis and Douzery, 1997 
Suina  Suidae  Phacochoerus africanus (Gmelin, 1788) DQ409327 Wu et al. 2007 
Suina  Suidae  Potamochoerus porcus (Linnaeus, 1758) JN632688 Hassanin et al. 2012 
Suina  Suidae  Sus scrofa Linnaeus, 1758 FJ237000 Unpublised; Alves and Fernandez 
Suina  Tayassuidae  Pecari tajacu  (Linnaeus, 1758) AP003427 Unpublished; Yasue et al. 
Tylopoda  Camelidae  Camelus bactrianus Linnaeus, 1758 EF212037 Ji et al. 2009 
Tylopoda  Camelidae  Camelus dromedarius  Linnaeus, 1758 JN632608 Hassanin et al. 2012 
Tylopoda  Camelidae  Lama guanicoe (Müller, 1776) EU681954 Di rocco et al. 2010 
Tylopoda  Camelidae  Vicugna pacos (Linnaeus, 1758) NC_002504 Ursing et al. 2000 
Ruminantia Pecora Antilocapridae  Antilocapra americana Ord, 1815 JN632597 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Alcelaphinae Alceplaphus buselaphus (Pallas, 1766) JN632593 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Antilopinae Antilope cervicapra (Linnaeus, 1758) JN632598 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Antilopinae Gazella gazella  (Pallas, 1766) JN632640 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Antilopinae Neotragus moschatus Von Dueben, 1846 JN632669 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Antilopinae Ourebia aurebi (Zimmermann, 1783) JN632680 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Antilopinae Pantholops hodgsonii (Abel, 1826) DQ191826 Xu et al. 2005 
Ruminantia Pecora Bovidae Antilopinae Procapra gutturosa (Pallas, 1777) JN632689 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Antilopinae Raphicerus campestris (Thunberg, 1811) JN632693 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Bovinae Bos taurus Linnaeus, 1758 AY526085 Unpublished; Chung and Ha 
Ruminantia Pecora Bovidae Bovinae Boselaphus tragocamelus (Pallas, 1766) EF536350 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Bovinae Bubalus bubalis (Linnaeus, 1758) AF547270 Unpublished; Verma et al 
Ruminantia Pecora Bovidae Bovinae Syncerus cafer (Sparrman, 1779) EF536353 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Bovinae Tragelaphus oryx (Pallas, 1766) JN632704 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Caprinae Capra hircus Linnaeus, 1758 GU295658 Hassanin et al. 2010 
Ruminantia Pecora Bovidae Caprinae Ovibos moschatus (Zimmermann, 1780) FJ207536 Hassanin et al. 2009 
Ruminantia Pecora Bovidae Caprinae Ovis aries Linnaeus, 1758 AF010406  Hiendleder et al. 1998 
Ruminantia Pecora Bovidae Cephalophinae Cephalophus natalensis A. Smith, 1834 JN632618 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Hippotraginae Oryx gazzella (Linnaeus, 1758) JN632678 Hassanin et al. 2012 
Ruminantia Pecora Bovidae Reduncinae Redunca fulvorufula ( Afzelius, 1815) JN632695 Hassanin et al. 2012 
Ruminantia Pecora Cervidae Capreolinae  Alces alces (Linnaeus, 1758) JN632595 Hassanin et al. 2012 
Ruminantia Pecora Cervidae Capreolinae  Capreolus capreolus (Linnaeus, 1758) JN632610 Hassanin et al. 2012 
Ruminantia Pecora Cervidae Cervinae  Cervus elaphus Linnaeus, 1758 AB245427 Unpublished; Wada et al 
Ruminantia Pecora Cervidae Cervinae  Dama dama dama  (Linnaeus, 1758) JN632629 Hassanin et al. 2012 
Ruminantia Pecora Cervidae Muntiacinae Muntiacus muntjak (Zimmermann, 1780) AY225986 Unpublished; Shi et al 
Ruminantia Pecora Giraffidae  Giraffa camelopardalis (Linnaeus, 1758) JN632645 Hassanin et al. 2012 
Ruminantia Pecora Giraffidae  Okapia johnstoni (P. L. Sclater, 1901) JN632674 Hassanin et al. 2012 
Ruminantia Pecora Moschidae Moschus moschiferus Linnaeus, 1758 JN632662 Hassanin et al. 2012 
Ruminantia Tragulina Tragulidae  Hyemoschus aquaticus (Ogilby, 1841) JN632650 Hassanin et al. 2012 
Ruminantia Tragulina Tragulidae  Tragulus kanchil Raffles, 1821 JN632709 Hassanin et al. 2012 
  Hippopotamidae Hexaprotodon liberiensis (Morton, 1849) JN632625 Hassanin et al. 2012 
  Hippopotamidae Hippopotamus amphibius Linnaeus, 1758 AJ010957 Ursing and Arnason 1998 
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Cetacea Mysticeti Balaenidae Balaena mysticetus Linnaeus, 1758 AJ554051 Arnason et al. 2004 
Cetacea Mysticeti Balaenidae Eubalaena australis (Gray, 1821) AP006473 Sasaki et al. 2005 
Cetacea Mysticeti Balaenidae Eubalaena japonica (Lacépède, 1818) AP006474 Sasaki et al. 2005 
Cetacea Mysticeti Balaenopteridae Balaenoptera acutorostrata Lacépède, 1804 AJ554054 Arnason et al. 2004 
Cetacea Mysticeti Balaenopteridae Balaenoptera bonaerensis Burmeister, 1867 AP006466 Sasaki et al. 2005 
Cetacea Mysticeti Balaenopteridae Balaenoptera borealis Lesson, 1828 AP006470 Sasaki et al. 2005 
Cetacea Mysticeti Balaenopteridae Balaenoptera brydei Olsen, 1913 AP006469 Sasaki et al. 2005 
Cetacea Mysticeti Balaenopteridae Balaenoptera edeni Anderson, 1879 AB201258 Sasaki et al. 2006 
Cetacea Mysticeti Balaenopteridae Balaenoptera musculus (Linnaeus, 1758) X72204 Arnason and Gullberg 1993 
Cetacea Mysticeti Balaenopteridae Balaenoptera omurai Wada et al., 2003 AB201256 Sasaki et al. 2006 
Cetacea Mysticeti Balaenopteridae Balaenoptera physalus (Linnaeus, 1758) X61145 Valverde et al. 1994 
Cetacea Mysticeti Balaenopteridae Megaptera novaeangliae (Borowski, 1781) AP006467 Sasaki et al. 2005 
Cetacea Mysticeti Eschrichtiidae Eschrichtius robustus (Lilljeborg, 1860) AJ554053 Arnason et al. 2004 
Cetacea Mysticeti Neobalaenidae Caperea marginata (Gray, 1846) AJ554052 Arnason et al. 2004 
Cetacea Odontoceti Delphinidae Cephalorhynchus heavisidii (Gray, 1828) JN632624 Hassanin et al. 2012 
Cetacea Odontoceti Delphinidae Delphinus capensis Gray, 1828 EU557094 Xiong et al. 2009 
Cetacea Odontoceti Delphinidae Feresa attenuata Gray, 1874 JF289171 Vilstrup et al. 2011 
Cetacea Odontoceti Delphinidae Globicephala macrorhynchus Gray, 1846 JF339976 Vilstrup et al. 2011 
Cetacea Odontoceti Delphinidae Globicephala melas (Traill, 1809) JF339972 Vilstrup et al. 2011 
Cetacea Odontoceti Delphinidae Grampus griseus (G. Cuvier, 1812) EU557095 Xiong et al. 2009 
Cetacea Odontoceti Delphinidae Lagenorhynchus albirostris (Gray, 1846) AJ554061 Arnason et al. 2004 
Cetacea Odontoceti Delphinidae Orcaella brevirostris (Owen in Gray, 1866) JF289177 Vilstrup et al. 2011 
Cetacea Odontoceti Delphinidae Orcaella heinsohni Beasley, Robertson and Arnold, 2005 JF339977 Vilstrup et al. 2011 
Cetacea Odontoceti Delphinidae aOrcinus orca (Ant_A1) Linnaeus, 1758 GU187217 Morin et al. 2010 
Cetacea Odontoceti Delphinidae bOrcinus orca (Ant_B1) Linnaeus, 1758 GU187215 Morin et al. 2010 
Cetacea Odontoceti Delphinidae cOrcinus orca (Ant_C1) Linnaeus, 1758 GU187210 Morin et al. 2010 
Cetacea Odontoceti Delphinidae dOrcinus orca (CNPNRAL) Linnaeus, 1758 GU187189 Morin et al. 2010 
Cetacea Odontoceti Delphinidae eOrcinus orca (ENAHN1) Linnaeus, 1758 GU187178 Morin et al. 2010 
Cetacea Odontoceti Delphinidae fOrcinus orca (ENPOAL2) Linnaeus, 1758 GU187201 Morin et al. 2010 
Cetacea Odontoceti Delphinidae gOrcinus orca (WNPTRU1) Linnaeus, 1758 GU187159 Morin et al. 2010 
Cetacea Odontoceti Delphinidae Peponocephala electra (Gray, 1846) JF289175 Vilstrup et al. 2011 
Cetacea Odontoceti Delphinidae Pseudorca crassidens (Owen, 1846) JF289173 Vilstrup et al. 2011 
Cetacea Odontoceti Delphinidae Sousa chinensis (Osbeck, 1765) EU557091 Xiong et al. 2009 
Cetacea Odontoceti Delphinidae Stenella attenuata (Gray, 1846) EU557096 Xiong et al. 2009 
Cetacea Odontoceti Delphinidae Stenella coeruleoalba (Meyen, 1833) EU557097 Xiong et al. 2009 
Cetacea Odontoceti Delphinidae Tursiops aduncus (Ehrenberg, 1833) EU557092 Xiong et al. 2009 
Cetacea Odontoceti Delphinidae Tursiops australis Charlton-Robb et al., 2011 KF570364 Moura et al. 2013 
Cetacea Odontoceti Delphinidae Tursiops truncatus (Montagu, 1821) EU557093 Xiong et al. 2009 
Cetacea Odontoceti Iniidae Inia geoffrensis (Blainville, 1817) AJ554059 Arnason et al. 2004 
Cetacea Odontoceti Lipotidae Lipotes vexillifer Miller, 1918 AY789529 Yan et al. 2005 
Cetacea Odontoceti Monodontidae Monodon monoceros Linnaeus, 1758 AJ554062 Arnason et al. 2004 
a-g, sequences representative of the main clades identified within the Orcinus orca complex (Morin et al. 2010) 
 
 
 
 
 
 
 
 
 
 
Montelli et al.  Back to water: signature of adaptive evolution in cetacean mitochondrial tRNAs,                                   Supplementary Material online 
Table S1. List of taxa, accession number in GenBank and reference (3/3) 
 
Cetacea Odontoceti Phocoenidae **Neophocaena asiaeorientalis Pilleri & Gihr, 1972 KP170488 Unpublished; Liu et al. 
Cetacea Odontoceti Phocoenidae Neophocaena phocaenoides (G. Cuvier, 1829) KC777291 Unpublished; Xu et al 
Cetacea Odontoceti Phocoenidae Phocoena phocoena (Linnaeus, 1758) AJ554063 Arnason et al. 2004 
Cetacea Odontoceti Kogidae Kogia breviceps (Blainville, 1838) AJ554055 Arnason et al. 2004 
Cetacea Odontoceti Physeteridae Physeter macrocephalus Linnaeus, 1758 AJ277029 Arnason et al. 2000 
Cetacea Odontoceti Platanistidae Platanista minor Owen, 1853 AJ554058 Arnason et al. 2004 
Cetacea Odontoceti Pontoporidae Pontoporia blainvillei (Gervais and d'Orbigny, 1844) AJ554060 Arnason et al. 2004 
Cetacea Odontoceti Ziphiidae Berardius bairdii Stejneger, 1883 AJ554057 Arnason et al. 2004 
Cetacea Odontoceti Ziphiidae Hyperoodon ampullatus (Forster, 1770) AJ554056 Arnason et al. 2004 
Cetacea Odontoceti Ziphiidae Mesoplodon densirostris (Blainville, 1817) KF032861 Unpublished; Morin et al 
Cetacea Odontoceti Ziphiidae Mesoplodon europaeus (Gervais, 1855) KC776688 Unpublished; Morin et al 
Cetacea Odontoceti Ziphiidae **Mesoplodon grayi von Haast, 1876  KF981442 Thompson et al 2015. 
Cetacea Odontoceti Ziphiidae *** Mesoplodon ginkgodens Nishiwaki and Kamiya, 1958 KR534596 Yao et al 2015 
Cetacea Odontoceti Ziphiidae Ziphius cavirostris G. Cuvier, 1823 LN997430 this paper 
 
**, species used only in selected comparisons and not fully implemented in the analyses; ***, this species become available too late to be implemented 
in the analyses. 
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Table S2. Intraspecific CSBPSs identified in some Cetacea 
Balaenoptera physalus 
(152 mtDNAs) 
Thirteen tRNAs exhibited intraspecific HCBCs and mismatches in B. physalus. Only mismatches were 
identified in trnD (1 seq, 1 mismatch), trnL2 (5 seqs, 1 mismatch), trnR (2 seq, 1 mismatch), trnS1 
(1seq, 1 mismatch), and trnT (3 seqs, 3 mismatches). A combination of HCBCs and mismatches was 
found in trnF (4 seqs, 2 HCBC and 2 mismatches) trnH (20 seqs with 4 mismatches, 12 seqs with 1 
HCBC), trnP (2 seqs, 1 HCBC + 1 mismatch). Only HCBCs were identified in trnA (4 seqs, 3 HCBCs), 
trnC (2 seqs, 1 HCBC), trnE (1 seq, 1 HCBC) trnL1 (14 seqs, 1 HCBC) trnN (1 seq, 1 HCBC). The 
number of sequences interested by a single CSBPS ranged from 1 to 12. 
Mesoplodon densirostris 
(11 mtDNAs) 
Six tRNAs of M. densirostris presented CSBPSs i.e. trnL2 (7 seqs, 1HCBC), trnQ (1 seq, 1 HCBC), 
trnR (7 seqs, 1 HCBC), trnS2 (3 seqs, 2 HCBCs), trnV (3 seqs, 2 mismatches), and trnW (7 seqs, 
2HCBCs). In M. europaeus only trnL2 showed a CSBP (1 seq, 1 HCBC). 
Mesoplodon europaeus 
(11 mtDNAs) 
In M. europaeus only trnL2 showed a CSBP (1 seq, 1 HCBC). 
Orcinus orca complex 
(86 mtDNAs) 
In the O. orca complex we report here only the intraspecific CSBPSs not present in the seven sequences 
included in 94T-set. Seven tRNAs shown extra CSBPSs i.e. trnC (1 seq, 1 HCBC), trnD (2 seqs, 1 
HCBC), trnG (1 seq, 1 mismatch), trnK (2 seqs, 1 HCBC), trnS1 (2 seqs with 1 mismatch, 1 seq with 1 
HCBC), trnT (1 seq, 1 HCBC), trnW (34 seqs, 1 HCBC). 
Physeter microcephalus 
(18 mtDNAs) 
Four tRNAs of P. macrocephalus exhibited extra CSBPSs i.e. trnA (1 seq, 1 HCBC), trnF (1 seq, 1 
HCBC), trnS2 (7 seq, 1 HCBC), and trnT (1 seq, 1 mismatch). 
Tursiops aduncus 
(20 mtDNAs) 
In T. aduncus, one HCBC was found in trnF (5 seqs) and trnT (10 seqs). 
Tursiops australis 
(8 mtDNAs) 
In T. australis one mismatch was identified in trnS1 (1 seq). 
Tursiops truncatus 
(48 mtDNAs) 
In T. truncatus CSBPSs were found in trnD (30 seqs, 1 HCBC), trnF (2 seqs, 1 mismatch), trnL2 (1 
seq, 1 MISM), trnR (2 seqs, 2 mismatches), and trnV (1 seq, 1 HCBC). 
Ziphius cavirostris 
(20 mtDNAs) 
In Z. cavirostris a single HCBC was identified in trnD (8 seqs), trnH (2 seqs), trnK (2 seqs) trnL2 (3 
seqs), trnS1 (1 seq), and trnT (1 seq). 
The intraspecific CSBPSs are described following this scheme: tRNA involved (number of sequences (seqs) showing the CSBPS, number and type of 
CSBPSs associated). 
CSBPS, change of sequence in a base pair of a stem; HCBC, hemi-compensatory base change in a base pair of a stem; mismatch, a mismatch in a base 
pair of a stem. 
trnA (ALA) multiple alignment 
 
                                           10        20        30        40        50        60        70 
                                            |         |         |         |         |         |         | 
                                   1234567  1234      4321 12345  ant  54321    12345       543217654321d 
                                                           *               *                              
Ceratotherium simum trnA           GAGGGTTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAGTTGATGTAAGATAGAGTCTTGCAGCCCTTA 
Equus caballus trnA                AAGGGCTTAGCTTAA-TAAAAGAGTTTGATTTGCGTTCAATTGATGTGAGATAGAGTCTCGCAGTCCTTA 
Pecari tajacu trnA                 GGGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCGTTCAATTGATGTAGGA-GTAGTCCTGCAATCCTTA 
Phacochoerus africanus trnA        GAGGACTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGAT-GGGTCCTGCAGTCCTTA 
Potamochoerus porcus trnA          GAGGACTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGAT-GAGTCCTGCAGCCCTTA 
Sus scrofa trnA                    GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGAT-AAGTCCTGCAGTCCTTA 
Camelus bactrianus trnA            AAGGGCTTAGCTTAA-TTAAAGCAGTTGGTTTGCATTCAATTGATGTAGGATAGAGTCTTGCAGTCCTTA 
Camelus dromedarius trnA           AAGGGCTTAGCTTAA-TTAAAGCAGTTGGTTTGCATTCAATTGATGTAGGATAGAGTCTTGCAGTCCTTA 
Lama guanicoe trnA                 AAGGGCTTAGCTTAA-TTAAAGTAGTTGATTTGCATTCAATTGATGTAGGATAGAGTCTTGCAGTCCTTA 
Vicugna pacos trnA                 AAGGGCTTAGCTTAA-TTAAAGTAGTTGATTTGCATTCAATTGATGTAGGATAGAGTCTTGCAGTCCTTA 
Hyemoschus aquaticus trnA          GAGGATTTAGCTTAA-TTAAAGTAATTGGTTTGCATTCAGTTGATGTAAGATATGGTCTTGCAATCCTTA 
Tragulus kanchil trnA              GGGGATTTAGCTTAA-TTAAAGTGGTCGATTTGCATTCGATTGATGTAAGATGAAGTCTTGCAGTCCTTA 
Giraffa camelopardalis trnA        GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGGTATAGTCTTGCAATCCTTA 
Okapia johnstoni trnA              GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Antilocapra americana trnA         AAGGATTTAGCTTAA-TAAAAGTAGTTGATTTGCATTCAATTGATGTAAGATGAGGTCTTGCAATCCTTA 
Moschus moschiferus trnA           GAGGACTTAGCTTAA-TTAAAGTAATTGATTTGCATTCAGTTGATGTAAGATATAGTCTTGCAGTCCTTA 
Muntiacus muntjak trnA             GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAGTCCTTA 
Capreolus capreolus trnA           GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATGTGGTCTTGCAATCCTTA 
Alces alces trnA                   GAGGATTTAGCTTAA-TTAAAGTAGTTGATTTGCATTCAACTGATGTAAGATGTGGTCTTGCAATCCTTA 
Cervus elaphus trnA                GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAATCCTTA 
Dama dama trnA                     GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAATCCTTA 
Boselaphus tragocamelus trnA       GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATACAGTCTTGCAATCCTTA 
Tragelaphus oryx trnA              GAGGATTTAGCTTAA-TTAAAGTGATTGATTTGCGTTCAGTTGATGTAAGGTATAGTCTTGCAATCCTTA 
Bos taurus trnA                    GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGGTGTAGTCTTGCAATCCTTA 
Bubalus bubalis trnA               GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAATCCTTA 
Syncerus caffer trnA               GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGGTATAGTCTTGCAATCCTTA 
Neotragus moschatus trnA           GAGGACTTAGTTTAA-TTAAAGCGGTTGATTTGCATTCAATTGATGTAAGATGTAGTCTTGCAGTCCTTA 
Alcelaphus buselaphus trnA         GAGGACTTAGCTTAA-TGAAAGTGGTTGATTTGCGTTCAATTGATGTAAGGTGTAGTCTTGCAGTCCTTA 
Oryx gazella trnA                  GAGGACTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAGTTGATGTAAGATATAGTCTTGCAGTCCTTA 
Pantholops hodgsonii trnA          GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATGATCTTGCAGTCCTTA 
Ovibos moschatus trnA              GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATGTGGTCTTGCAATCCTTA 
Capra hircus trnA                  AAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAGTCCTTA 
Ovis aries trnA                    GAGGATTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATGTAGTCTTGCAGTCCTTA 
Cephalophus natalensis trnA        GAGGACTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATGATCTTGCAGTCCTTA 
Redunca fulvorufula trnA           GAGGACTTAGCTTAA-TTAAAGTGTTTGATTTGCGTTCAGTTGATGTAAGATATAGTCTTGCAGTCCTTA 
Ourebia ourebi trnA                GAGGACTTAGCTTAA-TTAAAGTGGTTGATTTGCGTTCAGTTGATGTAAGATGTAATCTTGCAGTCCTTA 
Antilope cervicapra trnA           GAGGACTTAGCTTAA-TTAAAGTGGTTGATTTGCGTTCAGTTGATGTAAGATATAATCTTGCAGTCCTTA 
Gazella gazella trnA               GAGGACTTAGCTTAA-TTAAAGTGGTTGATTTGCGTTCAGTTGATGTAAGATGTAATCTTGCAGTCCTTA 
Procapra gutturosa trnA            GAGGACTTAGCTTAA-TAAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATAATCTTGCAGTCCTTA 
Raphicerus campestris trnA         GAGGACTTAGCTTAA-TTAAAGTGGTTGATTTGCATTCAATTGATGTAAGATATAATCTTGCAGTTCTTA 
Hexaprotodon liberiensis trnA      GGGGACTTAGCTTAA-TAAAAGCAGTTGAGTTGCATTCAATTGATGTGAGGCGTGATCTTGCAGTCTCTA 
Hippopotamus amphibius trnA        AGGGACTTAGCTTAA-TAAAAGCAGTTGAGTTGCATTCAATTGATGTGAGGTGCGGTCTTGCAGTCTCTA 
Eubalaena australis trnA           GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Eubalaena japonica trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Balaena mysticetus trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Caperea marginata trnA             GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGA-ATAGTCTTGCAGTCCTTA 
Eschrichtius robustus trnA         GAGGATTTAGCTTAA-TTAAAGCGTTTGGTTTGCGTCCAATTGATGTGAGATATAGTCTTGCAGTCCTTA 
Balaenoptera acutorostrata trnA    GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Balaenoptera bonaerensis trnA      GAGGATTTAGCTTAA-TTAAAGCGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Balaenoptera physalus trnA         GAGGATTTAGCTTAA-TTAAAGCGTTTGACTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Megaptera novaeangliae trnA        GAGGATTTAGTTTAA-TTAAAGCGTTTGACTTGCATTCAAATGATGTAAGATATAGTCTTGCAGTCCTTA 
Balaenoptera musculus trnA         GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Balaenoptera omurai trnA           GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Balaenoptera borealis trnA         GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Balaenoptera brydei trnA           GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAATCCTTA 
Balaenoptera edeni trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAATCCTTA 
Kogia breviceps trnA               GAGGGCTTAGCTTAA-TTAAAGTGTCTGATTTGCATTCAGTTGATGTAAGATATAGTCTTGCAGTCCTTA 
Physeter macrocephalus trnA        GAGGACTTGACTTAA-TTAAAGTGTTTGATTTGCATTCAGTTGATGTAAGATATAGTCTTGCAGTCCTTG 
Platanista minor trnA              GAGGATTTAGCTTAA-TTAAAGTATTTGATTTGCGTTCAGATGATGTAAGATGTAGTCTTGCAATCCTTA 
Ziphius cavirostris trnA           GAGGACTTAGCTTAA-TGAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATGATCTTGCAGTCCTTA 
Mesoplodon densirostris trnA       GAGGACTTAGCTTAA-TAAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATGATCTTGCAGTCCTTA 
Mesoplodon europaeus trnA          GAGGACTTAGCTTAA-TTAAAGTGTTTGATTTGCGTTCAATTGATGTGAGATATGATCTTGCAGTCCTTG 
**Mesoplodon grayi trnA            GAGGACTTAGCTTAA-TAAAAGTGTTTGATTTGCGTTCAATTGATGTGAGATATGATCTTGCAGTCCTTA 
Berardius bairdii trnA             GAGGACTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGGTATAGTCTTGCAGTCCTTA 
Hyperoodon ampullatus trnA         GAGGACTTAGCTTAA-TGAAAGTGTTTGATTTGCGTTCAGTTGATGTAAGATATAATCTTGCAGTCCTTA 
Lipotes vexillifer trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATGAGATCTTGCAATCCTTA 
Inia geoffrensis trnA              GAGGATTTAGCTTAAGTTAAAGCGTTTGATTTGCATTCAATTGATGTGAGATGGGATCTTGCAGTCCTTA 
Pontoporia blainvillei trnA        GAGGATTTAGCTTAA-TTAAAGCGTTTGATTTGCATTCAATTGATGTGAGGTGTGGTCTTGCAGTCCTTA 
Monodon monoceros trnA             GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTGAGATATGGTCTTGCAATCCTTA 
**Neophocaena_asiaeorientalis trnA GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTGAGATATGGTCTTGCAATCCTTA 
Neophocaena phocaenoides trnA      GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTGAGATATGGTCTTGCAATCCTTA 
Phocoena phocoena trnA             GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTGAGATATGGTCTTGCAATCCTTA 
Cephalorhynchus heavisidii trnA    GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAATCTTGCAATCCTTA 
Sousa chinensis trnA               GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAGTCCTTA 
Stenella attenuata trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Tursiops australis trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Tursiops truncatus trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Tursiops aduncus trnA              GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAATCTTGCAATCCTTA 
Delphinus capensis trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Stenella coeruleoalba trnA         GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Orcaella brevirostris trnA         GAGGATTTAGCTTAA-TTAAAGTATTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Orcaella heinsohni trnA            GAGGATTTAGCTTAA-TTAAAGTATTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Grampus griseus trnA               GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Pseudorca crassidens trnA          GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCAGTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Feresa attenuata trnA              GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Peponocephala electra trnA         GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATGGTCTTGCAATCCTTA 
Globicephala macrorhynchus trnA    GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Globicephala melas trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAAGATATAGTCTTGCAATCCTTA 
Lagenorhynchus albirostris trnA    GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
Orcinus orca WNPTRU1 trnA          GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
Orcinus orca AntA1 trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
Orcinus orca AntB1 trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
Orcinus orca AntC1 trnA            GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
Orcinus orca ENAHN1 trnA           GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
Orcinus orca CNPNRAL trnA          GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
Orcinus orca ENPOAL2 trnA          GAGGATTTAGCTTAA-TTAAAGTGTTTGATTTGCATTCAATTGATGTAGGATATAGTCTTGCAATCCTTA 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T) 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent; N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4(5) in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnC (CYS) multiple alignment 
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Ceratotherium simum trnC           GGCCCTGTGGTGAA-----TT-TCATGTTGAATTGCAAATTCAGAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Equus caballus trnC                AGTCCCGTGGTGAA----TTT-TCACATTGAATTGCAAATTCAAAGGAGCAGCTTCAATTTCTGCCGGGGCTT 
Pecari tajacu trnC                 AGTCTCGTGGTGAA----TTA-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Phacochoerus africanus trnC        AGTTCCGTGGTGAA----ATA-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGACTT 
Potamochoerus porcus trnC          GGTTCCGTAGTGAA----ATA-CCATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGACTT 
Sus scrofa trnC                    AGTTCCGTGGTGAA-----TA-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGACTT 
Camelus bactrianus trnC            AGCCTTGTGGTGTA-----AA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Camelus dromedarius trnC           AGCCCTGTGGTGTA-----TA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Lama guanicoe trnC                 AGTCCTGTGGTGAT-----TA-ACACATTGAATTGCAAGTTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Vicugna pacos trnC                 AGTCCTGTGGTGAT-----TA-ACACATTGAATTGCAAGTTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Hyemoschus aquaticus trnC          AGCTCTGTGGTGAA---ATTT-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAAGATCTGCCGGGGCTT 
Tragulus kanchil trnC              AGCCCTGTGGTGAAAAAAGATCTCATATTGAATTGCAAATTCAAAGAAGCAGCTTCAAGCTCTGCCGGGGCTT 
Giraffa camelopardalis trnC        GGTCCTGTAGTGAA----TTTCTCACGTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Okapia johnstoni trnC              AGTCCTGTAGTGAA----TTT-TCATGTTGAATTGCAAATTCGAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Antilocapra americana trnC         AGTCCTGTGGTGAA----TTT-ACACGTTGAATTGCAAATTCGAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Moschus moschiferus trnC           AGTCCTGTGGTGAA-----TT-TCACGTTGAATTGCAAATTCAGAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Muntiacus muntjak trnC             GGTCCTGTGGTGAA----ATT-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Capreolus capreolus trnC           AGCCCTGTGGTGAA-----TG-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Alces alces trnC                   AGCCCTGTGGTGAA----ATT-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Cervus elaphus trnC                AGTCCTGTGGTGAA----ATT-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Dama dama trnC                     AGTCCTGTGGTGAA-----TT-TCATGTTGAATTGCAAATTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Boselaphus tragocamelus trnC       AGCCTTGTGGTGAA----ATT-TCACGTTGAATTGCAAATTCAGAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Tragelaphus oryx trnC              GGCTCTGTGGTGAA----TTT-ACACGTTGAATTGCAAATTCAGAAAAGCAGCTTTAA-TTCTGCCGGGGCTT 
Bos taurus trnC                    AGCCCTGTGGTGAA----TTT-ACACGTTGAATTGCAAATTCAGAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Bubalus bubalis trnC               GGCCTTGTGGTGAA----TTT-ACACGTTGAATTGCAAATTCAGAGAAGCAGCTTTAA-TTCTGCCGGGGCTT 
Syncerus caffer trnC               GGCCCTGTAGTGAA----TTT-ACACGTTGAATTGCAAATTCAGAGAAGCAGCTTCAAATTCTGCCGGGGCTT 
Neotragus moschatus trnC           GGCCTTGTGGTGAA----TTT-TCACGCTGAATTGCAAATTCAGAGAAGCAGCT-CAAACTCTGCCGGGGCTT 
Alcelaphus buselaphus trnC         AGCCCTGTGGTGAA----TTA-ACATATTGAATTGCAAGTTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Oryx gazella trnC                  AGCTCCGTGGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Pantholops hodgsonii trnC          AGTCCTGTAGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-CTCTGCCGGGGCTT 
Ovibos moschatus trnC              GGTCCTGTAGTGAA----TAAAACATATTGAATTGCAAATTCAAAGAAGCAGCTTTAA-TTCTGCCGGGGCTT 
Capra hircus trnC                  AGTCCTGTAGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Ovis aries trnC                    GGTCCTGTAGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAAACTCTGCCGGGGCTT 
Cephalophus natalensis trnC        GGCCTTGTGGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Redunca fulvorufula trnC           GGCTCTGTGGTGTG----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Ourebia ourebi trnC                GGTCCTGTGGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Antilope cervicapra trnC           GGCCTCGTGGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Gazella gazella trnC               GGCCTCGTGGTGAA----TTA-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TACTGCCGGGGCTT 
Procapra gutturosa trnC            GGCCCTGTGGTGAA-----TT-ACATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Raphicerus campestris trnC         GGTCCTGTGGTGTA----TTAAACACGTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-CTCTGCCGGGGCTT 
Hexaprotodon liberiensis trnC      GGTCCTGTAGTGAA----ATATTCATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Hippopotamus amphibius trnC        GGTCCTGTAGTGAA----ATATTCATATTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGGCTT 
Eubalaena australis trnC           AGTCCTGTGGTGAA-----TAGTCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGGCTT 
Eubalaena japonica trnC            AGTCCTGTGGTGAA-----TAGTCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGGCTT 
Balaena mysticetus trnC            AGTCCTGTGGTGAA-----TAGTCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Caperea marginata trnC             AGTCCTGTGGTGAA-----TAGTCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Eschrichtius robustus trnC         AGTCCTGTGGTGAA-----TGATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera acutorostrata trnC    AGTCCTGTGGTGAA-----TGATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera bonaerensis trnC      AGTCCTGTAGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera physalus trnC         AGTCCTGTGGTGAA-----TGATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Megaptera novaeangliae trnC        AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera musculus trnC         AGTCCTGTGGTGAA-----TAGTCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera omurai trnC           AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera borealis trnC         AGTCCTGTGGTGAA-----TGATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera brydei trnC           AGTCCTGTGGTGAA-----TGATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Balaenoptera edeni trnC            GGTCCTGTGGTGAA-----TGATCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAAATCCTGCCGGGACTT 
Kogia breviceps trnC               AGTCCTGTAGTGAA-----TGATCATGTTGAATTGCAAATTCAAAGGAGCAGCTTCAA-TCCTGCCGGGACTT 
Physeter macrocephalus trnC        AGCCTTGTAGTGAA-----TGATCATGTTGAATTCGAAATTCAAAGGAGCAGCTTCAA-TCCTGCCGGGGCTT 
Platanista minor trnC              AGTCCTGTGGTGAA-----TGATCATGTTGAATTCGAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Ziphius cavirostris trnC           AGTCCTGTAGTGAA-----TAGTCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Mesoplodon densirostris trnC       AGTCCTGTAGTGAA-----TAGTCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-CCCTGCCGGGACTT 
Mesoplodon europaeus trnC          AGTCCTGTAGTGAA-----TAGTCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
**Mesoplodon grayi trnC            GGTCCTGTAGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGACTT 
Berardius bairdii trnC             AGTCCTGTGGTGAA-----TAGTCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Hyperoodon ampullatus trnC         AGTCCTGTAGTGAA-----TAGTCATTTTGAATTGCAAGTTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Lipotes vexillifer trnC            AGTCCTGTGGTGAA-----TAATCACTTTGAATTGCAAATTCAAGGGAGCAGCTTCAA-TCCTGCCGGGACTT 
Inia geoffrensis trnC              AGTCCTGTAGTGAG----TTAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGACTT 
Pontoporia blainvillei trnC        GGTCCTGTGGTGAA----CTAGTCATTTTGAATTGCAAATTCAAGGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Monodon monoceros trnC             AGTCCTGTGGTGAG-----TAGTCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
**Neophocaena asiaeorientalis trnC GGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Neophocaena phocaenoides trnC      GGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Phocoena phocoena trnC             GGTCCTGTAGTGAG-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Cephalorhynchus heavisidii trnC    AGTCCTGTAGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGACTT 
Sousa chinensis trnC               AGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCTGGACTT 
Stenella attenuata trnC            GGTCCTGTAGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Tursiops australis trnC            GGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Tursiops truncatus trnC            AGTCCTGTAGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Tursiops aduncus trnC              AGTCCTGTAGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Delphinus capensis trnC            AGTCCTGTAGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Stenella coeruleoalba trnC         AGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Orcaella brevirostris trnC         AGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Orcaella heinsohni trnC            AGTCCTGTGGTGAA-----TGATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Grampus griseus trnC               AGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCGGGACTT 
Pseudorca crassidens trnC          AGTCCTGTGGTGAA-----TGATCATTTTGAAGTGCAAATTCAAAGGAGCAGCTTCAA-TCCTGCCGGGACTT 
Feresa attenuata trnC              AGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGGAGCAGCTTCAA-TCCTGCCGGGACTT 
Peponocephala electra trnC         AGTTCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGGAGCAGTTTCAA-TCCTGCCGGGACTT 
Globicephala macrorhynchus trnC    AGTCCTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGGAGCAGCTTCAA-TCCTGCCGGGACTT 
Globicephala melas trnC            AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGGAGCAGCTTCAA-TCCTGCCGGGACTT 
Lagenorhynchus albirostris trnC    AGTCTTGTAGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TTCTGCCGGGACTT 
Orcinus orca WNPTRU1 trnC          AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTCAA-TCCTGCCTGGGCTT 
Orcinus orca AntA1 trnC            AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTTAA-TCCTGCCTGGGCTT 
Orcinus orca AntB1 trnC            AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTTAA-TCCTGCCTGGGCTT 
Orcinus orca AntC1 trnC            AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTTAA-TCCTGCCTGGGCTT 
Orcinus orca ENAHN1 trnC           AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTTAA-TCCTGCCTGGGCTT 
Orcinus orca CNPNRAL trnC          AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTTAA-TCCTGCCTGGGCTT 
Orcinus orca ENPOAL2 trnC          AGTCCTGTGGTGAA-----TAATCATTTTGAATTGCAAATTCAAAGAAGCAGCTTTAA-TCCTGCCTGGGCTT 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnD           GAGATATTAGTAAAA--ATTACATAACTTTGTCAAAGTTAAATTATAGGCTAAACCCCTATATATCTCT 
Equus caballus trnD                GAGGTATTAGTAAAA--ATTACATGACTTTGTCAAAGTTAAATTATAGGTTAAACCCCTATATACCTCT 
Pecari tajacu trnD                 GAGATATTAGTAAAAACATTACATAACTTTGTCAAGGTTAAATTATAAGTGAGAACCCTATATATCTCT 
Phacochoerus africanus trnD        GAGATATTAGTAAAA-TATTACATAACTTTGTCAAAGTTATATTATAGGTGAAAGCCCTGTATATCTCC 
Potamochoerus porcus trnD          GAGATACTAGTAAAA-TATTACATAACTTTGTCGAAGTTGTATTACAGGTGAAAGCCCTGTGTATCTCT 
Sus scrofa trnD                    GAGGTATTAGTAAAA-TATTACATAACTTTGTCGAAGTTATATTATAGGTGAAAGCCCTATATGCCTCT 
Camelus bactrianus trnD            GAGATATTAGTAAAA-T-TTACATAGCCTTGTCAAGGCTAAATTACAGGTGAAACCCCTGTATATCTCT 
Camelus dromedarius trnD           GAGATATTAGTAAAA-T-TTACATAGCCTTGTCAAGGCTAAGTTACAGGTGAAAGCCCCGTATATCTCT 
Lama guanicoe trnD                 GAGGTATTAGTAAAA-C-TTACATGACCTTGTCAAGGTTAAATTATAGGTGAAAACCCTGTATACCTCT 
Vicugna pacos trnD                 GAGGTATTAGTAAAA-C-TTACATGACCTTGTCAAGGTCAAATTATAGGTGAAAACCCTGTATACCTCT 
Hyemoschus aquaticus trnD          GAGGTATTAGTAAAA-TATTATATAACTTTGTCGAAGTTAAGTTACAGGCAAGAG-CCTGTATATCTCA 
Tragulus kanchil trnD              GAGATATTAGTAAAA-TATTATATAACTTTGTCAAGGTTAAGTTGCAGACAAAAA-CCTGCATATCTCA 
Giraffa camelopardalis trnD        GAGATACTAGTAAAA-TATTATATAACTTTGTCAAAGTTAAGTTACAGATGAAAATCCTGTGTACCTCA 
Okapia johnstoni trnD              GAAGTGTTAGTAAAA-CATTACATGACTTTGTCAAAGTTAAGTTATAGGTGAGAACCCTATACACCTCA 
Moschus moschiferus trnD           GAGATGTTAGTAAAA-CATTACATAACTTTGTCGAAGTTAAATTACAAGTGAAAATCCTGTACATCTCA 
Muntiacus muntjak trnD             GAGGTTTTAGTAAAA-TATTATATAACTTTGTCAAAGTTAAGTTACAGGTGAAAACCCCGTATGCCTCA 
Capreolus capreolus trnD           GAGGTATTAGTAAAAATATTATATGACTTTGTCAAGGTTAAGTTACAGGTGAAAGCCCCGTATACCTCA 
Alces alces trnD                   GAGGCGTTAGTAAAA-TATTATATAACTTTGTCAAGGTTAAGTTACAGGTGAAAACCCCGTACACCTCA 
Cervus elaphus trnD                GAGGTGTTAGTAAAA-TATTATATAACTTTGTCAAGGTTAAGTTACAGGTGAAAACCCCGTACATCTCA 
Dama dama trnD                     GAGGTGTTAGTAAAA-CATTATATAACTTTGTCAGGGTTAAGTTACAGGTGAAAACCCCGTACACCTCA 
Boselaphus tragocamelus trnD       GAGATGTTAGTAAAA-TATTATATAACTTTGTCGAAGTTAAGTTACAAGTGAAAACCCTGTACATCTCA 
Tragelaphus oryx trnD              GAGATGTTAGTAAAA-TATTACATAACCTTGTCAAGGTTAAATTACAAGTGAAAATCCTGTACATCTCA 
Bos taurus trnD                    GAGGTGTTAGTAAAA-CATTATATAATTTTGTCAAAGTTAAGTTACAAGTGAAAGTCCTGTACACCTCA 
Bubalus bubalis trnD               GAGATGTTAGTAAAAACATTATATAACTTTGTCGAAGTTAAGTTACAAGTGAAAACCCTGTACATCTCA 
Syncerus caffer trnD               GAGATGTTAGTAAAA-CATTATATAACTTTGTCGAAGTTAAGTTACAAGTGAAAATCCTGTACATCTCA 
Neotragus moschatus trnD           GAGATGTTAGTAAAT-TATTATATAACTTTGTCAAGGTTAAGTCACGAGTGAAAACCCCGTACATCTCA 
Alcelaphus buselaphus trnD         GAGACGTTAGTAAAA-TATTACATAACTTTGTCAAGGTTAAATTACAGGTGAAAACCCCGTACATCTCA 
Oryx gazella trnD                  GAGGTGTTAGTAAAA-CATTACATAACCTTGTCAAGATTAAATTACAGGTGAAAATCCCGTACATCTCA 
Pantholops hodgsonii trnD          GAGAAGTTAGTAAAA-CATTACATAATCTTGTCAAGATTAAATTACAGGTGAAAATCCCGTACATCTCA 
Ovibos moschatus trnD              GAGATGTTAGTAAAA-CATTACATAATCTTGTCAAGATTAAATTACAGGTGAAAATCCCGTACATCTCA 
Capra hircus trnD                  GAGATGTTAGTAAAA-TATTACATAATCTTGTCAAGATTAAATTACAGGTGAAAATCCCGTACATCTCA 
Ovis aries trnD                    GAGATGTTAGTAAAA-CATTACATAACCTTGTCAAGATTAAATTACAGGTGAAAATCCCGTACATCTCA 
Cephalophus natalensis trnD        GAGACGTTAGTAAAA-CATTACGTAATCTTGTCAAGATTAAATTACAGGTGGAAATCCCGTACATCTCA 
Redunca fulvorufula trnD           GAGATGTTAGTAAAA-CATTACATAATCTTGTCAAGATTAAATTACAGGTGAAAATCCCGTACATCTCG 
Antilocapra americana trnD         GAGATATTAGTAAAA-TATTACATGACCTTGTCAAGGTTAAATTATAGGTGAAAGCCCTATATACCTCG 
Ourebia ourebi trnD                AAGGTGTTAGTAAAA-CATTACATAACCTTGTCAAGATTAAATTACAGGTGAAAGCCCTGTACACCTTA 
Antilope cervicapra trnD           AAGATGTTAGTAAAA-TATTACATAACCTTGTCAAGGTTAAATTACAGGTGAAAACCCCGTACATCTTA 
Gazella gazella trnD               AAGATGTTAGTAAAA-TATTACATAACCTTGTCAAGGTTAAATTACAGGTGAAAACCCCGTACATCTTG 
Procapra gutturosa trnD            AAGATGTTAGTAAAA-CATTACATAACTTTGTCAAGGTTAAATTACAGGTGAAAATCCCGTACATCTTA 
Raphicerus campestris trnD         AAGATGTTAGTAAAA-CATTACATAACCTTGTCAAGGCTAAATTACAGGTGAAAGCCCCGTACATCTTA 
Hexaprotodon liberiensis trnD      GAGGTATTAGTAAAA-T-TTACATGACTTCGTCAAAGTTAAGTTATAGGTGAAAATCCTGTATATCTCC 
Hippopotamus amphibius trnD        GAGGTATTAGTAAAA--ATTACATAACTTCGTCAAAGTTAAGTTACAGGTGAAAACCCTGTCTACCTCC 
Eubalaena australis trnD           GAGATATTAGTAAAA-TCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCT 
Eubalaena japonica trnD            GAGATATTAGTAAAA-TCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAACCCTGTATATCTCT 
Balaena mysticetus trnD            GAGATATTAGTAAAA-TCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCT 
Caperea marginata trnD             GAGATATTAGTAAAA-TCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCTTGTATATCTCC 
Eschrichtius robustus trnD         GAGATATTAGTAAAA-CCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAGAACCCTGTATATCTCC 
Balaenoptera acutorostrata trnD    GAGATATTAGTAAAA-CCTTACATAACTTTGTCAAAGTTAAGTTACAAGTGAGAATCCTGTATATCTCC 
Balaenoptera bonaerensis trnD      GAGATATTAGTAAAA-TCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAGAATCCTGTATATCTCC 
Balaenoptera physalus trnD         GAGATATTAGTAAAA-CCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCC 
Megaptera novaeangliae trnD        GAGATATTAGTAAAA-CCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCC 
Balaenoptera musculus trnD         GAGATATTAGTAAAA-CCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCC 
Balaenoptera omurai trnD           GAGATATTAGTAAAA-CCTTACATAACTTTGTCAAAGTTAAGTTACAAGTGAAAGCCCTGTATATCTCC 
Balaenoptera borealis trnD         GAGATATTAGTAAAA-CCTTATATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCC 
Balaenoptera brydei trnD           GAGATATTAGTAAAA-TCTTACATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCC 
Balaenoptera edeni trnD            GAGATATTAGTAAAA-TCTTACATAACTTTGTCAAAGTTAAGTTACAAGTGAAAATCCTGTATATCTCC 
Kogia breviceps trnD               GAGATATTAGTAAAA-TCTTACATAACTTTGTCAAAGTTAAATTACAAGTGAAAACCCTGTATATCTCC 
Physeter macrocephalus trnD        GAGATATTAGTAAAA-CCTTACATAACTTTGTCAAAGTTAAATTACAAGTGAAAACCCTGTATATCTCC 
Platanista minor trnD              GAGATATTAGTAAAG-TCTTATATAACTTTGTCAAAGTTAAGTCACAAGTGAAAATCCTGTATATCTCT 
Ziphius cavirostris trnD           GAGATATTAGTAAAA-TTTTACATAACTTCGTCAAAGTTAAGTCACAAGTGAAAATCCTGTATATCTCC 
Mesoplodon densirostris trnD       GAGGTATTAGTAAAG-TCTTACATAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCT 
Mesoplodon europaeus trnD          GAGATATTAGTAAAG-TCTTACATAACTTTGTCAAAGTTAAGTCACAAGTGAAAATCTCGTATATCTCC 
**Mesoplodon grayi trnD            GAGGTATTAGTAAAG-TTTTACATAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCT 
Berardius bairdii trnD             GAGGTATTAGTAAAA-TTTTACATAACTTTGTCAAAGTTAAGTCACAAGTGAAAACCCTGTATATCTCC 
Hyperoodon ampullatus trnD         GAGGTATTAGTAAAA-TCTTACATAACTTTGTCAAAGTTAAGTCACAAGTGAAAATCCTGTATATCTCT 
Lipotes vexillifer trnD            GAGATATTAGTAAAA-CTTTACATAACTTTGTCAAAGTTAAGTCACAAGTGAAAATCCTGTATATCTCA 
Inia geoffrensis trnD              AAGATATTAGTAAAA-CCTTACATAACTTTGTCAAAGTTAAATCACAAGTGAAAACCTTGTATATCTTT 
Pontoporia blainvillei trnD        GAGATATTAGTAAAG--CTTACATAACTTTGTCAAAGTTAAGACACAAGTGAAAACCTTGTATATCTCT 
Monodon monoceros trnD             GAGATATTAGTAAAG-CCTTACATAACTTTGTCAGAGTTAAGTCACAAGTGAAAATCCTGTATATCTCT 
**Neophocaena_asiaeorientalis trnD GAGATATTAGTAAAG-CCTTACATAACTTTGTCAAAGTTAAGTCACAAGTGAAAATTCTGTATATCTCC 
Neophocaena phocaenoides trnD      GAGGTATTAGTAAAA-TTTTACATAACTTTGTCAAAGTTAAATTACAAGTGAAAGCCTTGTATATCTCC 
Phocoena phocoena trnD             GAGATATTAGTAAAA-TCTTACATAACTTTGTCAAAGTTAAGTCACAAGTGGAAATCTTGTATATCTCC 
Cephalorhynchus heavisidii trnD    GAGATATTAGTAAAA-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Sousa chinensis trnD               GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Stenella attenuata trnD            GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Tursiops australis trnD            GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Tursiops truncatus trnD            GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCT 
Tursiops aduncus trnD              GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Delphinus capensis trnD            GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Stenella coeruleoalba trnD         GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcaella brevirostris trnD         GAGGTATTAGTAAAG-TCTTACGTAACTTTGTTAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcaella heinsohni trnD            GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAACCCTGTATATCTCC 
Grampus griseus trnD               GAGATATTAGTAAAA-CCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Pseudorca crassidens trnD          GAGATATTAGTAAAG-TCTTACGTAACTTCGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCT 
Feresa attenuata trnD              GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Peponocephala electra trnD         GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAACCCTGTATATCTCC 
Globicephala macrorhynchus trnD    GAGATATTAGTAAAG-CCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Globicephala melas trnD            GAGATATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Lagenorhynchus albirostris trnD    GAGATATTAGTAAAG-TCTTACATAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcinus orca WNPTRU1 trnD          GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcinus orca AntA1 trnD            GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcinus orca AntB1 trnD            GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcinus orca AntC1 trnD            GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcinus orca ENAHN1 trnD           GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcinus orca CNPNRAL trnD          GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
Orcinus orca ENPOAL2 trnD          GAGGTATTAGTAAAG-TCTTACGTAACTTTGTCAAAGTTAAATCACAAGTGAAAATCCTGTATATCTCC 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnE           GTTCTTGTAGTTGAAGTACAACGAAGGTTTTTCATGCCGTTGGTCATGGTTGGAGTCCATGTAAGAATA 
Equus caballus trnE                GTTCTTATAGTTGAAATACAACGATGATTTTTCATGTCATTGGTCGTGGTTAGATTCCACGTGGGAATA 
Pecari tajacu trnE                 GTTCTTATAGTTGAATAACAACGATGGTTTTTCATATCATTGGTCATGGTTGGATTCCATGTGAGAATA 
Phacochoerus africanus trnE        GTTCTTGTAGTTGAAGTACAACGATGATTTTTCATGTCATTGGTCATGGTTAGATTCCATGTGAGAATA 
Potamochoerus porcus trnE          GTTCTTGTAGTTGAAGTACAACGATGATTTTTCATGTCATTGGTCATGGTTAGATTCCATGTGAGAATA 
Sus scrofa trnE                    GTTCTTGTAGTTGAAGTACAACGATGATTTTTCATGTCATTGGTCGTGGTTAAATTCCATGTGAGAATA 
Camelus bactrianus trnE            GTTCTTATAGTTGAACTACAACGATGATTTTTCATGTCATTGGTCATGGTTTGAGTCCATGTAGGAATA 
Camelus dromedarius trnE           GTTCTTATAGTTGAACTACAACGATGATTTTTCATGTCATTGGTCATGGTTTGAGTCCATGTAGGAATG 
Lama guanicoe trnE                 GTTCTTATAGTTGAATTACAACGATGATTTTTCATGTCATTAGTCGTGGTTAGAGTCCATGTAGGAATG 
Vicugna pacos trnE                 GTTCTTATAGTTGAATTACAACGATGATTTTTCATGTCATTAGTCGTGGTTAGAGTCCATGTAGGAATA 
Hyemoschus aquaticus trnE          GTTCTTGTAGTTGAACAACAACGATGGTTTTTCATATCATTGGTCATGGTGTAATTCCATGTAAGAATG 
Tragulus kanchil trnE              GTTTTCGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGCGAGAATA 
Giraffa camelopardalis trnE        GTTCTTATAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTAGATTCCATGTAAGAATA 
Okapia johnstoni trnE              GTTCTTGTAGTTGAATGACAACGATGATTTTTCATATCATTAGTCGTGGTTAGATCCCATGCAGGAATA 
Antilocapra americana trnE         GTTCTTATAGTTGAATGACAACGATGGTTTTTCATATCATTGGTCATGGTTAGATTCCATGTGAGAATA 
Moschus moschiferus trnE           GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGCAAGAATA 
Muntiacus muntjak trnE             GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGCGAGAATA 
Capreolus capreolus trnE           GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTTTACTCCATGCGAGAATA 
Alces alces trnE                   GTTCTTGTAGTTGAATGACAACGATGATTTTTCATATCATTAGTCGTGGTTAGATTCCATGCGAGAATA 
Cervus elaphus trnE                GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTAGATTCCATGTGAGAATA 
Dama dama trnE                     GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTAGATTCCATGTGAGAATA 
Boselaphus tragocamelus trnE       GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTAAATTCCATGCAAGAATA 
Tragelaphus oryx trnE              GTTCTTATAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTTAATTCCATGTGAGAATA 
Bos taurus trnE                    GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTAGATTCCATGTAAGAATA 
Bubalus bubalis trnE               GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTGGTCGTGGTTGAATTCCACGTGAGAATA 
Syncerus caffer trnE               GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAAATTCCATGCGAGAATA 
Neotragus moschatus trnE           GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAAATTCCACGTGAGAATA 
Alcelaphus buselaphus trnE         GTTCTTGTAGTTGAATAACAACGATGGTTTTTCATATCATTAGTCGTGGTTAAATTCCATGCGAGAATA 
Oryx gazella trnE                  GTTCTCGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGTGAGAATA 
Pantholops hodgsonii trnE          GTTCTCGTAGTTGAATGACAACGATGGTTTTTCATATCATTGGTCATGGTTAGATTCCATGCGAGAGTG 
Ovibos moschatus trnE              GTTCTTGTAGTTGAATAACAACGATGGTTTTTCATATCATTGGTCATGGTTAGAGTCCATGTGAGAATA 
Capra hircus trnE                  GTTCTTGTAGTTGAATAACAACGATGGTTTTTCATATCATTGGTCATGGTTAGATTCCATGTGAGAATA 
Ovis aries trnE                    GTTCTTATAGTTGAATGACAACGATGGTTTTTCATATCATTGGTCATGGTTAGATTCCATGTGAGAATG 
Cephalophus natalensis trnE        GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGCAAGAATA 
Redunca fulvorufula trnE           GTTCTTGTAGTTGAATAACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGTGAGAATA 
Ourebia ourebi trnE                GTTCTTATAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTAGATTCCATGTGAGAATA 
Antilope cervicapra trnE           GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCATGGTTAGATTCCATGCGAGAATA 
Gazella gazella trnE               GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGCGAGAATA 
Procapra gutturosa trnE            GTTCTTGTAGTTGAATGACAACGATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGCGAGAATA 
Raphicerus campestris trnE         GTTCTTGTAGTTGAATGACAACAATGGTTTTTCATATCATTAGTCGTGGTTAGATTCCATGCGAGAATA 
Hexaprotodon liberiensis trnE      GTTCTTGTAGTTGAATTACAACGATGGTTTTTCATGCCGTTGATTATGGTTAGAGTCCATATGAGAATA 
Hippopotamus amphibius trnE        GTTCTTATAGTTGAATTACAACGATGGTTTTTCATGCCGTTGGTTATGGTTAGAGTCCATATGGGAATA 
Eubalaena australis trnE           GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTAGTCATGGTTGGAGTCCATGTAAGAATA 
Eubalaena japonica trnE            GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTAGTCATGGTTAGAGTCCATGTAAGAATA 
Balaena mysticetus trnE            GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATCAGTCATGGTTGAAGTCCATGTGAGAATA 
Caperea marginata trnE             GTTCTTATAGTTGAATAACAACGGTGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGGGAATA 
Eschrichtius robustus trnE         GTTCTTATAGTTGAATGACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATG 
Balaenoptera acutorostrata trnE    GTTCTTGTAGTTGAATGACAACGATGATTTTTCATGTCATAAGTCATGGTTGAAATCCATGTGAGAATA 
Balaenoptera bonaerensis trnE      GTTCTTGTAGTTGAATGACAACGATGATTTTTCATGTCATAGGTCATGGTTGAAATCCATGTGAGAATA 
Balaenoptera physalus trnE         GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATA 
Megaptera novaeangliae trnE        GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATG 
Balaenoptera musculus trnE         GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATA 
Balaenoptera omurai trnE           GTTCTTGTAGTTGAATGACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATA 
Balaenoptera borealis trnE         GTTCTTGTAGTTGAATGACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATA 
Balaenoptera brydei trnE           GTTCTTGTAGTTGAATGACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATA 
Balaenoptera edeni trnE            GTTCTTGTAGTTGAATGACAACGATGATTTTTCATGTCATTGGTCGTGGTTGAAGTCCATGTGAGAATA 
Kogia breviceps trnE               GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTTGAGTCCATGTGAGAATG 
Physeter macrocephalus trnE        GTTCTTGTAGTTGAATAACAACGGTGACTTTTCATGTCATTGGTCGTGGTTTGAGTCCATGTAGGAATG 
Platanista minor trnE              GTTCTTGTAGTTGAATAACAACGATGGTTTTTCATGTCATTGGTCATGGTTAGAATCCATGTGAGAATA 
Ziphius cavirostris trnE           GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTAAAGTCCATGTGGGAATA 
Mesoplodon densirostris trnE       GTTCTTATAGTTGAAT-ACAACGATGATTTTTCATGTCATTAGTCATGGTTAGAGTCCATGTAAGAATG 
Mesoplodon europaeus trnE          GTTCTTATAGTTGAAT-ACAACGATGATTTTTCATGTCATTGGTCATGGTTAGAGTCCATGTAAGAATA 
**Mesoplodon grayi trnE            GTTCTTATAGTTGAAT-ACAACGATGATTTTTCATGTCATTGGTCATGGTTAGAATCCATGTAGGAATA 
Berardius bairdii trnE             GTTCTTATAGTTGAATAACAACGATGATTTTTCGTGTCATTGGTCATGGTTGGAGTCCATGTAAGGATA 
Hyperoodon ampullatus trnE         GTTCTTGTAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTAGAGTCCATGTGAGAATA 
Lipotes vexillifer trnE            GTTCTTATAGTTGAATAACAACGATGGTTTTTCATATCATAGGTCATGGTTGAAGTCCATGTGAGAATA 
Inia geoffrensis trnE              GTTCTTATAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCCTGGTTAAAGCCTAGGTGAGAATG 
Pontoporia blainvillei trnE        GTTCTTATAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Monodon monoceros trnE             GTTCTTATAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCGTGGTTAGAGACCATGTGAGAATA 
**Neophocaena asiaeorientalis trnE GTTCTCATAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAGTA 
Neophocaena phocaenoides trnE      GTTCTCATAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAGTA 
Phocoena phocoena trnE             GTTCTTATAGTTGAATAACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Cephalorhynchus heavisidii trnE    GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Sousa chinensis trnE               GTTCTTGTAGTTGAATTATAACGATGATTTTTCATGTCATTGGTCATGGTTAGAGTCCATGTGAGAATA 
Stenella attenuata trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Tursiops australis trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Tursiops truncatus trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATA 
Tursiops aduncus trnE              GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Delphinus capensis trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Stenella coeruleoalba trnE         GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Orcaella brevirostris trnE         GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCGTGGTTAGAGTCCATGTGAGAATA 
Orcaella heinsohni trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGTCCATGTGAGAATA 
Grampus griseus trnE               GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Pseudorca crassidens trnE          GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCGTGGTTGAAGTCCATGTGGGAATA 
Feresa attenuata trnE              GTTCTTGTAGTTGAATTACAACGATGGTTTTTCATATCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Peponocephala electra trnE         GTTCTTGTAGTTGAATTACAACGATGGTTTTTCATATCATTGGTCATGGTTAGAGTCCATGTGAGAATA 
Globicephala macrorhynchus trnE    GTTCTTATAGTTGAATTACAACGATGGTTTTTCATATCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Globicephala melas trnE            GTTCTTATAGTTGAATTACAACGATGGTTTTTCATATCATTGGTCATGGTTGGAGTCCATGTGAGAATA 
Lagenorhynchus albirostris trnE    GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGAAGACCATGTGAGAATA 
Orcinus orca WNPTRU1 trnE          GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAACA 
Orcinus orca AntA1 trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAACA 
Orcinus orca AntB1 trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAACA 
Orcinus orca AntC1 trnE            GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAACA 
Orcinus orca ENAHN1 trnE           GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTCGGAGTCCATGTGAGAACA 
Orcinus orca CNPNRAL trnE          GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAACA 
Orcinus orca ENPOAL2 trnE          GTTCTTGTAGTTGAATTACAACGATGATTTTTCATGTCATTGGTCATGGTTGGAGTCCATGTGAGAACA 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnF (PHE) multiple alignment 
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Ceratotherium simum trnF            GTTAATGTAGCTTAACAA----CTAAAGCAGGGCATTGAAAATGCCCAGATGAGCCCAC--CAGCTCCATAAACA 
Equus caballus trnF                 GTTAATGTAGCTTAATAA---TATAAAGCAAGGCACTGAAAATGCCTAGATGAGTATTC--TTACTCCATAAACA 
Pecari tajacu trnF                  GTTAATGTAGCTTAAACA---AATAAAGCAAAGCACTGAAAATGCTTAGATGAGTAAAG--CCACTCCATAAACA 
Phacochoerus africanus trnF         GTTAATGTAGCTTAAACT---ATCAAAGCAAGGCACTGAAAATGCCTAGATGAGCCTT--GTAGCTCCATAAACA 
Potamochoerus porcus trnF           GTTAATGTAGCTTAAATT---ACCAAAGCAAGGCACTGAAAATGCCTAGATGAGCCTCA--TAGCTCCATAAACA 
Sus scrofa trnF                     GTTAATGTAGCTTAAATT---ATCAAAGCAAGGCACTGAAAATGCCTAGATGAGCCTCA--CAGCTCCATAAACA 
Camelus bactrianus trnF             GTTAATGTAGCTTAACT-----TCAAAGCAAGGCGCTGAAAATGCCTGGATGGGCACC---TGGCCCCATGAACA 
Camelus dromedarius trnF            GTTGATGTAGCTTAACT-----TCAAAGCAAGGCGCTGAAAATGCCTGGATGGGCACC---TAGCCCCATAAACA 
Lama guanicoe trnF                  GTTAATGTAGCTTAACT-----TAAAAGCAAGGCGCTGAAAATGCCTAGATGGGCTCA---CGGCCCCATAAACA 
Vicugna pacos trnF                  GTTAATGTAGCTTAACT------TAAAGCAAGGCGCTGAAAATGCCTAGATGGGCTCA---CGGCCCCATAAACA 
Hyemoschus aquaticus trnF           GTTAATGTAGCTTAATC----ACCAAAGCAAGGCACTGAAAATGCCTAGATGAGCATCCC-ATGCTCCATAAACA 
Tragulus kanchil  trnF              GTTAATGTAGCTTAATAA----TAAAAGCAAGGCACTGAAAATGCCTAGATGAGTAACA-CATACTCCATAAACA 
Giraffa camelopardalis trnF         GTTGATGTAGCTTAAWTA----CCAAAGCGAGGCACTGAAAATGCCTATATGGGTGAGT--TAACCCCATGAACA 
Okapia johnstoni trnF               GTTAATGTAGCTTAAACA----CCAAAGCAAAGCACTGAAAATGCTTAGATGAGTATGT--TAACTCCATAAACA 
Antilocapra americana trnF          GTTGATGTAGCTTAAAT------TAAAGCAAGGCGCTGAAAATGCCTAGATGAGTGCA--CTAACTCCATAAACA 
Moschus moschiferus trnF            GTTAATGTAGCTTAATAT-----TAAAGCAAGGCACTGAAAATGCCTAGATGAGTATA--TAAACTCCATAAACA 
Muntiacus muntjak trnF              GTTAATGTAGCTTAAACA----ATAAAGCAAGGCACTGAAAATGCCTAGATGAGTGTA--TTAACTCCATAAACA 
Capreolus capreolus trnF            GTTAATGTAGCTTAAACA----ATAAAGCAAGGCACTGAAAATGCCTAGATGAGTGTA--CTAACTCCATAAACA 
Alces alces trnF                    GTTAATGTAGCTTAAATA----ACAAAGCAAGGCACTGAAAATGCCTAGATGAGTATAT--TAACTCCATAAACA 
Cervus elaphus trnF                 GTTGATGTAGCTTAAATG----GCAAAGCAAGGCACTGAAAATGCCTAGATGAGTATAT--TAACTCCATAAACA 
Dama dama trnF                      GTTAATGTAGCTTAAACA----GTAAAGCAAGGCACTGAAAATGCCTAGATGAGTGTA--TTAACTCCATAAACA 
Boselaphus tragocamelus trnF        GTTAATGTAGCTTAAAGT----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTACAC--CAACTCCATAAACA 
Tragelaphus oryx trnF               GTTAATGTAGCTTAAAA-----CTAAAGCAAGGCGCTGAAAATGCCTAGATGAGTCCAC--CAACTCCATAAACA 
Bos taurus trnF                     GTTGATGTAGCTTAAC------CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTCTCC--CAACTCCATAAACA 
Bubalus bubalis trnF                GTTAATGTAGCTTAAAA-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTTCTCC-CAACTCCATAAACA 
Syncerus caffer trnF                GTTAATGTAGCTTAAAA-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTTTTCCCCAACTCCATAAACA 
Neotragus moschatus trnF            GTTAATGTAGCTTAAAA-----CTAAAGCAAGGCACTGAAAATGCCTAGATGAGTACC--CGAACTCCATAAACA 
Alcelaphus buselaphus trnF          GTTAATGTAGCTTAAAA-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTGTA--CGGACTCCATGAACA 
Oryx gazella trnF                   GTTCATGTAGCTTAAAA-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTATAT--TAACTCCATAAACA 
Pantholops hodgsonii  trnF          GTTAATGTAGCTTAACCC----TTAAAGCAAGGCACTGAAAATGCCTAGATGAGTATG--TTTACTCCATAAACA 
Ovibos moschatus trnF               GTTAATGTAGCTTAAAA-----TTAAAGCAAGGCACTGAAAATGCCTAGATGAGTACA--CTAACTCCATAAACA 
Capra hircus trnF                   GTTGATGTAGCTTAAAC-----TTAAAGCAAGGCACTGAAAATGCCTAGATGAGTGTA--CCAACTCCATAAACA 
Ovis aries trnF                     GTTAATGTAGCTTAAAC-----TTAAAGCAAGGCACTGAAAATGCCTAGATGAGTCTA--CTGACTCCATGAACA 
Cephalophus natalensis trnF         GTTGATGTAGCTTAAAA-----CTAAAGCAAGGCACTGAAAATGCCTAGATGAGTACT--CCAACTCCATAAACA 
Redunca fulvorufula trnF            GTTAATGTAGCTTAAAC-----TTAAAGCAAGGCACTGAAAATGCCTAGATGAGTATC--CTAACTCCATAAACA 
Ourebia ourebi trnF                 GTTAATGTAGCTTAAAC-----CAAAAGCAAGGCACTGAAAATGCCTAGATGAGTATGT--CAACTCCATAAACA 
Antilope cervicapra trnF            GTTAATGTAGCTTAAAT-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTACAC--CAACTCCATAAACA 
Gazella gazella trnF                GTTAATGTAGCTTAAAT-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTATAT--TAACTCCATAAACA 
Procapra gutturosa trnF             GTTAATGTAGCTTAAAC-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTATAC--TAACTCCATAAACA 
Raphicerus campestris trnF          GTTAATGTAGCTTAAGA-----CCAAAGCAAGGCACTGAAAATGCCTAGATGAGTATAT--TAACTCCATAAACA 
Hexaprotodon liberiensis trnF       GTTAACGTAGCTCAAACA---CCCAAAGCGAGGCACTGAAAATGCCTAGATGGGCTCGCC-TAGCCCCGTAAACA 
Hippopotamus amphibius trnF         GTTAACGTAGCTCAAACA---CCCAAAGCGAGGCACTGAAAATGCCTAGATGGGCTCACC-CAGCCCCGTAAACA 
Eubalaena australis trnF            GTTAATGTAGCTTAAATATTT-GTAAAGCAAGACACTGAAAATGTCTAGATGGACTTAAC-TAACCCCATTGACA 
Eubalaena japonica trnF             GTTAATGTAGCTTAAATATTT-GTAAAGCAAGACACTGAAAATGTCTAGATGGACTTAAC-TAACCCCATTGACA 
Balaena mysticetus trnF             GTTAATGTAGCTTAAATATTT-ATAAAGCAAAACACTGAAAATGTTTAGATGGGTTTAAT-TAACCCCATTGACA 
Caperea marginata trnF              GTTAATGTAGCTTAAACATCT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCCCAAC-CAGCCCCATTAGCA 
Eschrichtius robustus trnF          GTTAATGTAGCTTAAACATTCATTAAAGCAAGACACTGAAAATGTCTAGATGGGTCCAAC-CGACCCCATTGACA 
Balaenoptera acutorostrata trnF     GTTAATGTAGCTTAAACACTTACTAAAGCAAGACACTGAAAATGTCTAGATGGGCCTAGC-CAACCCCATTAACA 
Balaenoptera bonaerensis trnF       GTTAATGTAGCTTAAATACCT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGTCTAGC-CAACCCCATTAACA 
Balaenoptera physalus trnF          GTTGATGTAGCTTAAACACTT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGTCTAGC-CAACCCCATTGACA 
Megaptera novaeangliae trnF         GTTAATGTAGCTTAAACACTC-ACAAAGCAAGACACTGAAAATGTCTAGATGGGTCTAAT-CAACCCCATTGACA 
Balaenoptera musculus trnF          GTTAATGTAGCTTAAGCACTC-ATAAAGCAAGACACTGAAAATGTCTAGATGGGTTAAAT-TAACCCCATTGGCA 
Balaenoptera omurai trnF            GTTAATGTAGCTTAAAT-TTT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGTTCAAC-CAACCCCATTGACA 
Balaenoptera borealis trnF          GTTAATGTAGCTTAAACAATT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGTTCAAC-CAACCCCATTGACA 
Balaenoptera brydei trnF            GTTAATGTAGCTTAAACAATT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGTTCAAC-CAGCCCCATTGACA 
Balaenoptera edeni trnF             GTTAATGTAGCTTAAACAATT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGTTCAAC-CAACCCCATTGACA 
Kogia breviceps trnF                GTTAACGTAGCTTAAAATTTTCACAAAGCAAGACACTGAAAATGTCTAGATGGACTTG-C-CAGTCCCGCTAACA 
Physeter macrocephalus trnF         GTTAGTGTAGTTtAAGTTTTTAATAAAGCAAGACACTGAAGATGTCTAGACGGACCCG-C-TAGTCCCACCAACA 
Platanista minor trnF               GCTAACGTAGCTTAAACATCTCAAAAAGCAAGACACTGAAAATGTCTAGATGGACTTA-C-TAGTCCCGTTAACA 
Ziphius cavirostris trnF            GTTAATGTAGCTTAAATTTTCACTAAAGCAAGACACTGAAAATGTCTAGATGGGCATATA-CTGCCCCATCAACA 
Mesoplodon densirostris trnF        GTTAATGTAGCTTAAATTTTTACTAAAGCAAGACACTGAAAATGTCTAGATGGGCATATA-CCGCCCCATCAACA 
Mesoplodon europaeus trnF           GTTAATGTAGCTTACATTTTTACTAAAGCAAGACACTGAAAATGTCTAGACGGGCATACA-CCGCCCCATCAACA 
**Mesoplodon grayi trnF             GTTAATGTAGCTTAAATTTT-ACTAAAGCAAGGCACTGAAAATGTCTAGATGGGCATACA-TCGCCCCATCAACA 
Berardius bairdii trnF              GTTAATGTAGCTTAAACTTCCACTAAAGCAAGACACTGAAAATGTCTAGATGGCA-TA-C-CTGCCCCATCAACA 
Hyperoodon ampullatus trnF          GTTAATGTAGCTTAAATTTTTACTAAAGCAAGACACTGAAAATGTCTAGATGGGCATGTA-CTGCCCCATCAACA 
Lipotes vexillifer trnF             GTCAATGTAGCTTAAACTTTT-A-AAAGCAAGACACTGAAAATGTCTAAATGGGCTAAAC-TAGCCCCATTAACA 
Inia geoffrensis trnF               GTAGATGTAGCTTAAA-CACC-ACAAAGCAAGACACTGAAGATGTCTAGACGGACCTCA--CAGTCCCATCAACA 
Pontoporia blainvillei trnF         GTAGATGTAGCTTAAATCAC--ATAAAGCAAGACACTGAAAATGTCTAGATGGACCTCA--CAGCCCCATCAACA 
Monodon monoceros trnF              GTTAATGTAGCTTAAGTTTTC-AAAAAGCAAGACACTGAAAATGTCTAGATGGGCCTTA--CCGCCCCATCAACA 
**Neophocaena asiaeorientalis trnF  GTTAATGTAGCTTAAATTTTC-A-AAAGCAAGACACTGAAAATGTCTAGATGGGCCT-A--TCGCCCCATCAACA 
Neophocaena phocaenoides trnF       GTTAATGTAGCTTAAATTTTC-A-AAAGCAAGACACTGAAAATGTCTAGATGGGCCT-A--TCGCCCCATCAACA 
Phocoena phocoena trnF              GTTAATGTAGCTTAAACTTTC-AAAAAGCAAGACACTGAAAATGTCTAGATGGCT-T-A--TCGCCCCATCAACA 
Cephalorhynchus heavisidii trnF     GTTAATGTAGCTTAAAATTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--CTGCCCCATCAACA 
Sousa chinensis trnF                GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCATCAACA 
Stenella attenuata trnF             GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Tursiops australis trnF             GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCGTCAACA 
Tursiops truncatus trnF             GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Tursiops aduncus trnF               GTTAATGTAGCTTAAATTTTT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Delphinus capensis trnF             GTTAATGTAGCTTAAATTTTT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Stenella coeruleoalba trnF          GTTAATGTAGCTTAAATTTTT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Orcaella brevirostris trnF          GTTAATGTAGCTTAAAATTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGATATTA--CTGTCCCATCAACA 
Orcaella heinsohni trnF             GTTAATGTAGCTTAAATTCTT-ACAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Grampus griseus trnF                GTTAATGTAGCTTAAACTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCGTCAACA 
Pseudorca crassidens trnF           GTTAATGTAGCTTAAACTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCGTCAACA 
Feresa attenuata trnF               GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGAGCATTA--CTGCCCCATCAACA 
Peponocephala electra trnF          GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGACGGGCATTA--TTGCCCCATCAACA 
Globicephala macrorhynchus trnF     GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCATCAACA 
Globicephala melas trnF             GTTAATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Lagenorhynchus albirostris trnF     GTTAATGTAGCTTAAATTTTC-ATAAAGCAAGACACTGAAAATGTCTAGATGGGCATTA--TTGCCCCATCAACA 
Orcinus orca WNPTRU1 trnF           GTTGATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCGTTAACA 
Orcinus orca AntA1 trnF             GTTGATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCATTAACA 
Orcinus orca AntB1 trnF             GTTGATGTAGCTTAAATTTT--ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCATTAACA 
Orcinus orca AntC1 trnF             GTTGATGTAGCTTAAATTTT--ATAAAGCAAGACACTGAAAATGTCTAGATGGACACTA--TTGCCCCATTAACA 
Orcinus orca ENAHN1 trnF            GTTGATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCATTAACA 
Orcinus orca CNPNRAL trnF           GTTGATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCATTAACA 
Orcinus orca ENPOAL2 trnF           GTTGATGTAGCTTAAATTTTT-ATAAAGCAAGACACTGAAAATGTCTAGATGGACATTA--TTGCCCCATTAACA 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnG (GLY)  multiple alignment 
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Ceratotherium simum trnG           ATTCTTTTAGTATTAAA-CAGTACAATTGACTTCCAATCAATCAGCTTCGGTAA-AACCCGAAAAAGAATA 
Equus caballus trnG                ATTCTTTTAGTATTGAC-CAGTACAATTGACTTCCAATCAATCAGCTTCGGTAT-AACCCGAAAAAGAATA 
Pecari tajacu trnG                 ATTCTTTTAGTATCAAA-AAGTACAACTGACTTCCAATCAGTTAGCTTCGGTAA-AGCCCGAAAAAGAATA 
Phacochoerus africanus trnG        ACTCTTTTAGTATCAAG-CAGTACAATTGACTTCCAATCAATTAGTTTCGGTAG-ACTCCGAAAAAGAGTA 
Potamochoerus porcus trnG          ACTCTTTTAGTATCAAA-TAGTACAATTGACTTCCAATCAATCAGCTTCGGTAA-ACCCCGAAAAAGAGTA 
Sus scrofa trnG                    ACTCTTTTAGTATTAAG-TAGTACAATTGACTTCCAATCAATCAGTTTCGGTAA-ACTCCGAAAAAGAGTA 
Camelus bactrianus trnG            GTCCTTTTAGTATCAAT-TAGTACAACTGACTTCCAATCAGTTAGCTTCGGATAGCCCCCGAAAAAGGATA 
Camelus dromedarius trnG           GTCCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTAGCTTCGGATGATCCCCGAAAAAGGATA 
Lama guanicoe trnG                 GTCCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTAGATTCGGA-GAGACCCGAAAAAGGATA 
Vicugna pacos trnG                 GTCCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTAGATTCGGA-GAGACCCGAAAAAGGATA 
Hyemoschus aquaticus trnG          ATTCTTTTAGTATTAAC-CAGTACAACTGACTTCCAATCAATTAGCTTCGGT-C-AACCCGGAAAAGAATA 
Tragulus kanchil trnG              ATTCTTTTAGTATTAAA-CAGTACAATTGACTTCCAATCAATTAGCTTCGGTAG-AACCCGAAAAAGAATA 
Giraffa camelopardalis trnG        GTTCTTTTAGTATCAAC-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGT-CTAGTCCGAAAAAGAATA 
Okapia johnstoni trnG              ATTCTTTTAGTATCGAC-CAGTACAACTGACTTCCAATCAGTTAGCTTCGGTA-TAACCCGAAAAAGAATA 
Antilocapra americana trnG         ATTCTTTTAGTATTAAC-CAGTACAGCTGACTTCCAATCAGCCAGTTCCGGTCA-AACCCGGAAGAGAATA 
Moschus moschiferus trnG           ATTCTTTTAGTATCAAC-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGTTA-AATCCGAAAAAGAATA 
Muntiacus muntjak trnG             ATTCTTTTAGTATTAAC-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TAGCCCGAAAAAGAATA 
Alces alces trnG                   ATTCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTAATAATCCGAAAAAGAATA 
Capreolus capreolus trnG           ATCCTTTACGTATGACT-TAGCACCACTGACTTCCAATCAGTTAGCTTCGGTAGTA-TCCGAAAAAGAATA 
Cervus elaphus trnG                ATTCTTTTAGTATTAAC-TAGTACAGCTGACTTCCAATCAGCTAGTTTCGGTA-TAACCCGAAAAAGAATA 
Dama dama trnG                     ATTCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTAA-ACCCCGAGAAAGAATA 
Boselaphus tragocamelus trnG       ATTCTTTTAGTATCAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTC-TAACCCGAAAAAGAATA 
Tragelaphus oryx trnG              ATTCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGCCTTGGTC-TAACCCAAGAAAGAATA 
Bos taurus trnG                    ATTCTTTTAGTATTAAC-TAGTACAGCTGACTTCCAATCAGCTAGTTTCGGTC-TAGTCCGAAAAAGAATA 
Bubalus bubalis trnG               ATTCTTTTAGTATCAAG-CAGTACAGCTGACTTCCAATCAGCTAGTTTCGGTCT-AACCCGAAAAAGAATA 
Syncerus caffer trnG               ATTCTTTTAGTATCAAA-CAGTACAGCTGACTTCCAATCAGCTAGTTTCGGTCC-AACCCGAAAAGGAATA 
Neotragus moschatus trnG           ATTCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTCA-AATCCGAAAAAGAATA 
Alcelaphus buselaphus trnG         GCTCTTTTAGTATTAAC-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGT-CAAACCCGGAAAAGAACA 
Oryx gazella trnG                  GTTCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGT-CTAATCCGAAAAAGAATA 
Pantholops hodgsonii trnG          GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGT-CTAACCCGAAAAAGAACA 
Ovibos moschatus trnG              GTTCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGT-TAAACCCGAAAAAGATCA 
Capra hircus trnG                  GTCCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTACAA-TCCGAAAAAGAACA 
Ovis aries trnG                    GTCCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGT-CTAATCCGAAAAAGAACA 
Cephalophus natalensis trnG        ATTCTTTTAGTATCAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTCTAA-CCCGAAAAAGAATA 
Redunca fulvorufula trnG           ATTCTTTTAGTATTAAC-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGTTCAA-CCCGAAAAAGAATA 
Ourebia ourebi trnG                ATTCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTCCAA-TCCGAAAAAGAATA 
Antilope cervicapra trnG           ATTCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTCTAA-CCCGAAAAAGAATA 
Gazella gazella trnG               ATTCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTCCAA-CCCGAAAAAGAATA 
Procapra gutturosa trnG            ATTCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGTTTCGGTCAAA-CCCGAAAAAGAATA 
Raphicerus campestris trnG         ATTCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTAGCTTCGGTCAAA-CCCGAAAAAGAATA 
Hexaprotodon liberiensis trnG      GTTCTTTTAGTATTAAAACAGTACAGCTGACTTCCAATCAGCTAGCCTCAGT-GCACTCTGGGAGAGAACA 
Hippopotamus amphibius trnG        GTTCTTTTAGTATTAAAACAGTACAGCTGACTTCCAATCAGCTAGCCTCAGT-GCACTCTGGGAAGGAACA 
Eubalaena australis trnG           GCTCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACTCCGAAAAAGAACA 
Eubalaena japonica trnG            GCTCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACTCCGAAAAAGAACA 
Balaena mysticetus trnG            GCTCTTTTAGTATCAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Caperea marginata trnG             GTCCTTTTAGTATTAAT-CAGTACAGCTGACTTCCAATCAGTTAGTTTCGGTC-CATTCCGAAAAAGAACA 
Eschrichtius robustus trnG         GTCCTTTTAGTATCAAT-GAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TATCCCGAAAAAGAACA 
Balaenoptera acutorostrata trnG    GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACCCCGAAAAAGAACA 
Balaenoptera bonaerensis trnG      GTCCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CATCCCGAAAAAGAACA 
Balaenoptera physalus trnG         GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTG-TACCCCGAAAAAGAACA 
Megaptera novaeangliae trnG        GTTCTTTTAGTATCAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Balaenoptera musculus trnG         GTTCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Balaenoptera omurai trnG           GTTCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAGCA 
Balaenoptera borealis trnG         GTTCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Balaenoptera brydei trnG           GTTCTTTTAGTATTAAC-AAGTACAATTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Balaenoptera edeni trnG            GTTCTTTTAGTAT-AAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Kogia breviceps trnG               GTCCTTTTAGTATTAAT-CAGTACAACTGACTTCCAATCAGTTAGCTTCGGTA-CACCCCGAAAAAGAACA 
Physeter macrocephalus trnG        GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-AACTCCGAAAAAGAACA 
Platanista minor trnG              GTTCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTTGGTC-TACCCCGAAAAAGAACA 
Ziphius cavirostris trnG           GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTG-CACTCCGAAAAAGAACA 
Mesoplodon densirostris trnG       GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Mesoplodon europaeus trnG          GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
**Mesoplodon grayi trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Berardius bairdii trnG             GTCCTTTTAGTATCAAT-AAGTACAGCTGACTTCCAATCAGCTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Hyperoodon ampullatus trnG         GTCCTTTTAGTATTAAC-AAGTACAGCTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Lipotes vexillifer trnG            ATTCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGAAACACTCCGAAAAAGAATA 
Inia geoffrensis trnG              GTCCTTTTAGTATCAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-AAATCCGAAAAAGAACA 
Pontoporia blainvillei trnG        GTTCTCTTAGTATCAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTC-CACCCCGAAAAAGAACA 
Monodon monoceros trnG             GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-GACCCCGAAAAAGAACA 
**Neophocaena_asiaeorientalis trnG GTTCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTGGTTTCGGTC-TACCCCGAAAAAGAACA 
Neophocaena phocaenoides trnG      GTTCTTTTAGTATTAAT-TAGTACAACTGACTTCCAATCAGTTGGTTTCGGTC-TACCCCGAAAAAGAACA 
Phocoena phocoena trnG             GTCCTTTTAGTATTAAG-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGTC-TACCCCGAAAAAGAACA 
Cephalorhynchus heavisidii trnG    GTCCTTTTAGTATTAAC-TAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Sousa chinensis trnG               GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACCCCGAAAAAGAACA 
Stenella attenuata trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Tursiops australis trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Tursiops truncatus trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACCCCGAAAAAGAACA 
Tursiops aduncus trnG              GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACCCCGAAAAAGAACA 
Delphinus capensis trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACCCCGAAAAAGAACA 
Stenella coeruleoalba trnG         GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACCCCGAAAAAGAACA 
Orcaella brevirostris trnG         GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACTCCGAAAAAGAACA 
Orcaella heinsohni trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACTCCGAAAAAGAACA 
Grampus griseus trnG               GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Pseudorca crassidens trnG          GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Feresa attenuata trnG              GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Peponocephala electra trnG         GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Globicephala macrorhynchus trnG    GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Globicephala melas trnG            GTCCTTTTAGTATTAAC-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Lagenorhynchus albirostris trnG    GTCCTTTTAGTATTAAC-AAGTACAGCTGACTTCCAATCAGTTAGTTTCGGTA-CACTCCGAAAAAGAACA 
Orcinus orca WNPTRU1 trnG          GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Orcinus orca AntA1 trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Orcinus orca AntB1 trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Orcinus orca AntC1 trnG            GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Orcinus orca ENAHN1 trnG           GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Orcinus orca CNPNRAL trnG          GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
Orcinus orca ENPOAL2 trnG          GTCCTTTTAGTATTAAT-AAGTACAACTGACTTCCAATCAGTTAGTTTCGGTA-TACCCCGAAAAAGAACA 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnH           GCAGATATAGTTTAA-CAAAAACATTAGATTGTGAATCTAATAATAGAAGCT-TAACACTTCTTATCTACC 
Equus caballus trnH                GTAAATATAGTTTAA-CAAAAACACTAGATTGTGGATCTAGAAACAGAAACT-TAATATTTCTTATTTACC 
Pecari tajacu trnH                 GTAAATATAGTTTAA--AAAAACTCTAGATTGTGAACCTAGAAACAGAAGAC-TAAACCTTCTTATTTACC 
Phacochoerus africanus trnH        GTAGATATAGTTTAA-CAAAAACCCTAGATTGTGGATCTAGTAATAGAAAAT-TAAATATTCTTATCTACC 
Potamochoerus porcus trnH          GTAGATATAGTTTAA-CAAAAACACTAGATTGTGGATCCAGTAATAGAATCT-TAAATATTCTTATCTACC 
Sus scrofa trnH                    GTAGATATAGTTTAA-TAAAAACCCTAGATTGTGAATCTAGTAATAGAAAAT-TAAATATTCTTATCTACC 
Camelus bactrianus trnH            GTAAATATAGTTTAA-AAAGAACACTAGATTGTGAATCTAGTAATAAGAGAT-CAAACCTCTTTATTTACC 
Camelus dromedarius trnH           GTAAATATAGTTTAA-AAAGAACACTAGATTGTGAATCTAGTAATAAGAGAT-CAAGCCTCTTTATTTACC 
Lama guanicoe trnH                 GTAAGTATAGTTTAA-GAAGAACACTAGATTGTGAATCTAGCAGTAAGAGAT-TAAAACTCTTTACTTACC 
Vicugna pacos trnH                 GTAAGTATAGTTTAA-GAAGAACACTAGATTGTGAATCTAGCAGTAAGAGAT-CAAAACTCTTTACCTACC 
Hyemoschus aquaticus trnH          GTAAATATAGTTTAA-AAAAAACACTAGATTGTGAATCTAGCAATAGAAGCCCATCACCTTCTTATCTACC 
Tragulus kanchil trnH              GTAAATATAGTTTAA-AAAAAACGCTAGATTGTGAATCTAATAATAGAAGCC-CACACCTTCTTATTTACC 
Giraffa camelopardalis trnH        GTAAATGTAGTTTAA-AAAAAACATTAGATTGTGAATCTAATAATAGAAGCTTACTACCCTCTCATTTACC 
Okapia johnstoni trnH              GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAATAACAGAAGCTTACTGCCTTCTTATTTACC 
Antilocapra americana trnH         GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAAAAATAGAAGCTCGCCACCTTCTTATTTACC 
Moschus moschiferus trnH           GTGAATATAGTTTAA-AAAAAACACTAGATTGTGAATCTAATGATAGAAGTCCACTACCTTCTTATTTACC 
Muntiacus muntjak trnH             GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAATAATAGAAACT-TATACCTTCTTATTTACC 
Capreolus capreolus trnH           GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAGTCTAACAATAGAAGCC-TATAACTTCTTATTCACC 
Alces alces trnH                   GTAAATATAGTTTAA-AAAAAACACTAGACTGTGAATCTGATAATAGGAGTT-TATATCTCCTTATTTACC 
Cervus elaphus trnH                GTAAATATAGTTTAA-AAAAAACATTAGATTGTGGATCTAATAATAGAAGCT-TATATCTCCTTATTTACC 
Dama dama trnH                     GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAATAATAGAAGCT-TATATCTCCTTATTTACC 
Boselaphus tragocamelus trnH       GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAATAATAGAGGCTTATTACCCTCTTACTTACC 
Tragelaphus oryx trnH              GTAAATATAGTTTAA--AAAAACATTAGACTGTGAATCTAATAATAGAAGCTCACCACCTTCTTATTTACC 
Bos taurus trnH                    GTAAATATAGTTTAA-CAAAAACATTAGATTGTGAATCTAACAATAGAAACTCATTACCTTCTTATTTACC 
Bubalus bubalis trnH               GTGAATATAGTTTAA-CAAAAACATTAGACTGTGAATCTAACAATAGAAGCCCATTGCCTTCTTATTTACC 
Syncerus caffer trnH               GTAAATATAGTTTAA-CAAAAACATTAGACTGTGAATCTAACAATAGAAGCCCATTGTCTTCTTATTTACC 
Neotragus moschatus trnH           GTAAGTGTAGTTTAA-AAAAAACATTAGATTGTGAATCTAATAATAGAAGTCCACCACCTTCTCACTAACC 
Alcelaphus buselaphus trnH         GTAGATATAGTTTAA-AAAAAACATTAGACTGTGAATCTAACAATAGAAGCCCGCAGCCTTCTTATTTACC 
Oryx gazella trnH                  GTGAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAACAATAGAAGCCTACTATCTTCTTATTTACC 
Pantholops hodgsonii trnH          GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTTACAATAGAAGTCCATTACCTTCTTATTTACC 
Ovibos moschatus trnH              GTAAATATAGTTTAA--AAAAACATTAGACTGTGAATCTAACAATAGAAGCCTACTATCTTCTTATTTACC 
Capra hircus trnH                  GTAAATATAGTTTAAAAAAAAACATTAGATTGTGAATCTAACAATAGAAGCCTATCACCTTCTTATTTACC 
Ovis aries trnH                    GTAAATATAGTTTAA--GAAAACATTAGATTGTGGATCTAATAATAGAAGACTATCACCTTCTTATTTACC 
Cephalophus natalensis trnH        GTAAATATAGTTTAAGAAAAAACATTAGATTGTGAATCTAATAACAGAAGCT-GCCATCTTCTTATTTACC 
Redunca fulvorufula trnH           GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAACAATAGAAGCC-ACCACCTTCTTATTTACC 
Ourebia ourebi trnH                GTAAATATAGTTTTAAGAAAAACATTAGATTGTGAATCTAATAATAGAAGCCCGCTATCTTCTTATTTACC 
Antilope cervicapra trnH           GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAACAACAGAAGCTCGCTACCTTCTTATTTACC 
Gazella gazella trnH               GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAACAACAGAAGCTCATTATCTTCTTATTTACC 
Procapra gutturosa trnH            GTAAATATAGTTTAA-AAAAAACATTAGATTGTGAATCTAACAATAGAAGTTTAACATCTTCTTATTTACC 
Raphicerus campestris trnH         GTGAATATAGTTTAA-ATAAAACATTAGATTGTGGATCTAGTAACAGAAGCT-TATACCTTCTTATTTACC 
Hexaprotodon liberiensis trnH      GTAAGTATAGTTTAA-GAAAAACACTAGATTGTGAATCTATTAATAGAAGCTCCAACCCTTCTTACTTACC 
Hippopotamus amphibius trnH        GTAAGCATAGTTTAA-GAAAAACACTAGATTGTGAATCTACCAATAGAAGCTCTAACCCTTCTTACTTACC 
Eubalaena australis trnH           GTAAGTATAGTTTAA--AAAAATATTAGTTTGTGAAACTAATGACAGAAGGC-CAAAACTTCTTACTTACC 
Eubalaena japonica trnH            GTAAGTATAGTTTAA-GAAAAATATTAGTTTGTGAAACTAATGACAGAAGAC-CAAAACTTCTTACTTACC 
Balaena mysticetus trnH            GTAAGTATAGTTTAA-GAAAAATATTAGTTTGTGAAACTAACGATAGGAGAC-CAAAACTCCTTACTTACC 
Caperea marginata trnH             GTAAGTATAGTTTAA-ACAAAACATTAGTTTGTGAAACTAATAATAGAAGAT-CAAAATTTCTTACTTACC 
Eschrichtius robustus trnH         GTAAGTATAGTTTAA-TAAAAACACTAGTTTGTGAGACTAGCAATAGAAGAT-CAAAACTCCTTACTTACC 
Balaenoptera acutorostrata trnH    GTAAGTATAGTTTAA-GAAAAACATTAGTTTGTGAAACTAACAATAGAAGACCTAAAACTTCTTACTTACC 
Balaenoptera bonaerensis trnH      GTAAGTATAGTTTAA-GAAAGACATTAGTTTGTGAAACTAACGATAGAAGACCTAAAACTTCTTACTTACC 
Balaenoptera physalus trnH         GTAAGTATAGTTTAA-AAAAGACGCTAGTTTGTGAAACTAACAATAGAAGAT-CAAAACTTCTTACTTACC 
Megaptera novaeangliae trnH        GTAAGTATAGTTTAA-AGAAAACGCTAGTTTGTGAAACTAGCAATAGAAGAT-CAAAACCTCTTACTTACC 
Balaenoptera musculus trnH         GTAAGTATAGTTTAA-AAAAGACATTAGTTTGTGAAACTAGCGATAGAAGAT-TAAAACTTCTTACTTACC 
Balaenoptera omurai trnH           GTAAGTATAGTTTAA-AAAAGACATTAGTTTGTGAGACTAACAATAGAAGAC-CGAAACTTCTTACTTACC 
Balaenoptera borealis trnH         GTAAGTATAGTTTAA-AAAAGATATTAGTTTGTGAGACTAACGATAGAAGAC-TAAAACTTCTTACTTACC 
Balaenoptera brydei trnH           GTAAGTATAGTTTAA-AAAAGATGTTAGTTTGTGACACTAACGATAGAAGAC-CAAAACTTCTTACTTACC 
Balaenoptera edeni trnH            GTAAGTATAGTTTAA-AAAAGATATTAGTTTGTGACACTAACGATAGAAGAC-CAAAACTTCTTACTTACC 
Kogia breviceps trnH               GTAAGTATAGTTTAA-AAAAAACACTAGCTTGTGGAGCCAGCAACAGAAGATA-AAAACTTCTTGCTTACC 
Physeter macrocephalus trnH        GTAAATATAGTTTAA-GAAAAACACTAGCTTGTGGAGCCAGTAATAGAAGAC-TAAAACTTCTTATTTACC 
Platanista minor trnH              GTAAATATAGTTTAA-AAAAAACATTAGTTTGTGAAACTAACAACAGAAGAC-TGAAGCTTCTTATTTACC 
Ziphius cavirostris trnH           GTAAATATAATTTAA-CAAAAATACTAGTTTGTGGAACTAGCAATAGAAGATATAGACCTTCTTATTTACC 
Mesoplodon densirostris trnH       GTAAATATAATTTAA-CAAAAATTCTAGTTTGTGAAACTAGCAATAGAAGTTATAG-CCTTCTTATTTACC 
Mesoplodon europaeus trnH          GTAAATATAATTTAA-TAAAAATACTAGTTTGTGAAACTAGCAATAGAGGATA-AAATCCTCTTATTTACC 
**Mesoplodon grayi trnH            GTAAATATAATTTAA-TAAAAATTCTAGTTTGTGAAACTAGCAATAGGAGACTT-AATCTCCTTATTTACC 
Berardius bairdii trnH             GTAAATATAATTTAA-CAAAAATACTAGTTTGTGGAACTAGCAATAGAAGAT-TAAATCTTCTTATTTACC 
Hyperoodon ampullatus trnH         GTAAATATAATTTAA-TAAAAATACTAGTTTGTGAAGCTAGCAATAGAAGTCA-AAACCTTCTTATTTACC 
Lipotes vexillifer trnH            GTAAGTATAGTTTAA--AAAAACACTAGCCTGTGAAGTTAGTAATAGAAGAT-TAAAACTTCTTACTTACC 
Inia geoffrensis trnH              GTAGACATAGTTTAA-ATAAAACATTAGTTTGTGAAACTAACAATAGAAGAT-CAAAACTTCTTACCTACC 
Pontoporia blainvillei trnH        GTAGATGTAGTTTAA-AAAGAACACTAGTTTGTGAAGCTAGCAACAGAAGATA-AAACCTTCTTATCTACC 
Monodon monoceros trnH             GTAAGTATAGTTTAA-AAAGAACATTAGCCCGTGAAGCTAAAAACAGAGGAC--AAAACTTCTTACTTACC 
**Neophocaena asiaeorientalis trnH GTAAGTATAGTTTAA-AAAGAACATTAGTCCGTGAAGCTAAAAACAGAAGAT--AGAACTTCTTACTTACC 
Neophocaena phocaenoides trnH      GTAAGTATAGTTTAA-AAAGAACATTAGTCCGTGAAGCTAAAAACAGAAGAT--AGAACTTCTTACTTACC 
Phocoena phocoena trnH             GTAAGTATAGTTTAA-AAAGAACATTAGTCCGTGAAGCTAAAAACAGAAGGC--AAAACTTCTTACTTACC 
Cephalorhynchus heavisidii trnH    GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AAGCCTTCTTACTTACC 
Sousa chinensis trnH               GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AGACCTTCTTACTTACC 
Stenella attenuata trnH            GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AGACCTTCTTACTTACC 
Tursiops australis trnH            GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGGAACTAAAAACAGAAGATA-AAACCTTCTTACTTACC 
Tursiops truncatus trnH            GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AGACCTTCTTACTTACC 
Tursiops aduncus trnH              GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AGACCTTCTTACTTACC 
Delphinus capensis trnH            GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AGACCTTCTTACTTACC 
Stenella coeruleoalba trnH         GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AGACCTTCTTACTTACC 
Orcaella brevirostris trnH         GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATA-AAACCTTCTTACTTACC 
Orcaella heinsohni trnH            GTAAGTATAGTTTAA-AAAAACCATTAGCTTGTGAAACTAAAAACAGAAGATA-AAACCTTCTTACTTACC 
Grampus griseus trnH               GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATATAAACCTTCTTACTTACC 
Pseudorca crassidens trnH          GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAGCTAAAAACAGAAGATATAAACCTTCTTACTTACC 
Feresa attenuata trnH              GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAATAGAAGATATAAACCTTCTTACTTACC 
Peponocephala electra trnH         GTAAGTATAGTTTAA--AAAACCGTTAGTTTGTGAAACTAAAAATAGAAGATATAAACCTTCTTACTTACC 
Globicephala macrorhynchus trnH    GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAATAGAAGATATAAACCCTCTTACTTACC 
Globicephala melas trnH            GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAATAGAAGATATAAACCCTCTTACTTACC 
Lagenorhynchus albirostris trnH    GTAAGTATAGTTTAA-AAAAACCATTAGTTTGTGAAACTAAAAACAGAAGATACAAACCTTCTTACTTACC 
Orcinus orca WNPTRU1 trnH          GTAAATATAGTTTAA-AAAAACCATTAGTTTGTGAGACTAAAAATAGAAGATA-AAGCCTTCTTATTTACC 
Orcinus orca AntA1 trnH            GTAAATATAGTTTAA-AAAAACCATTAGTTTGTGAGACTAAAAATAGAAGATA-AAGCCTTCTTATTTACC 
Orcinus orca AntB1 trnH            GTAAATATAGTTTAA-AAAAACCATTAGTTTGTGAGACTAAAAATAGAAGATA-AAGCCTTCTTATTTACC 
Orcinus orca AntC1 trnH            GTAAATATAGTTTAA-AAAAACCATTAGTTTGTGAGACTAAAAATAGAAGATA-AAGCCTTCTTATTTACC 
Orcinus orca ENAHN1 trnH           GTAAATATAGTTTAA-AAAAACCATTAGTTTGTGAGACTAAAAATAGAAGATA-AAGCCTTCTTATTTACC 
Orcinus orca CNPNRAL trnH          GTAAATATAGTTTAA-AAAAACCATTAGTTTGTGAGACTAAAAATAGAAGATA-AAGCCTTCTTATTTACC 
Orcinus orca ENPOAL2 trnH          GTAAATATAGTTTAA-AAAAACCATTAGTTTGTGAGACTAAAAATAGAAGATA-AAGCCTTCTTATTTACC 
                                   1234567  1234      4321 12345  ant  54321    12345        543217654321d 
                                   0000000  1111      2222 22222  333  33344    44445        5666666666677 
                                   1234567  0123      0123 56789  234  78901    67890        9012345678901 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T) 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnI (ILE) multiple alignment 
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                                   1234567  123      321 12345  ant  54321     12345        543217654321d 
Ceratotherium simum trnI           AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AGCCCTCTTATTTCTA 
Equus caballus trnI                GGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAAACATAGAGGCTCA-AACCCTCTTATTTCTA 
Pecari tajacu trnI                 AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAAAAATAGAGGTTTATAACCCTCTTATTTCTA 
Phacochoerus africanus trnI        AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAAAAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Potamochoerus porcus trnI          AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAAAAATAGAGGTTCA-AACCCTCTTATTTCTA 
Sus scrofa trnI                    AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAAAAATAGAGGTTCA-AACCCTCTTATTTCTA 
Camelus bactrianus trnI            AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTG-AGCCCTCTTGTTTCTA 
Camelus dromedarius trnI           AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTGTTTCTA 
Lama guanicoe trnI                 AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Vicugna pacos trnI                 AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Hyemoschus aquaticus trnI          AGAAACATGTCTGATAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTCA-AGCCCTCTTGTTTCTA 
Tragulus kanchil trnI              AGAAACATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCCCTTGTTTCTA 
Giraffa camelopardalis trnI        AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Okapia johnstoni trnI              AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Antilocapra americana trnI         AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTC-AACCCTCTTATTTCTA 
Moschus moschiferus trnI           AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Muntiacus muntjak trnI             AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AGCCCTCTTATTTCTA 
Capreolus capreolus trnI           AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AACCCTCTTATTTCTA 
Alces alces trnI                   AGAAATATGTCTGATAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Cervus elaphus trnI                AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAACAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Dama dama trnI                     AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Boselaphus tragocamelus trnI       AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Tragelaphus oryx trnI              AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTCAA-AACCCTCTTATTTCTA 
Bos taurus trnI                    AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AACCCTCTTATTTCTA 
Bubalus bubalis trnI               AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AACCCTCTTATTTCTA 
Syncerus caffer trnI               GGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Neotragus moschatus trnI           AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Alcelaphus buselaphus trnI         AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AACCCTCTTATTTCTA 
Oryx gazella trnI                  AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AGCCCTCTTATTTCTA 
Pantholops hodgsonii trnI          AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Ovibos moschatus trnI              AGAAATATGTCTGATAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Capra hircus trnI                  AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Ovis aries trnI                    AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Cephalophus natalensis trnI        AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AGCCCTCTTATTTCTA 
Redunca fulvorufula trnI           AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AATCCTCTTATTTCTA 
Ourebia ourebi trnI                AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTCCA-AACCCTCTTATTTCTA 
Antilope cervicapra trnI           AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Gazella gazella trnI               AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AGCCCTCTTATTTCTA 
Procapra gutturosa trnI            AGAAATATGTCTGATAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Raphicerus campestris trnI         AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTG-AATCCTCTTATTTCTA 
Hexaprotodon liberiensis trnI      AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Hippopotamus amphibius trnI        AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTCA-AGCCCTCTTATTTCTA 
Eubalaena australis trnI           AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AACCCTCTTATTTCTA 
Eubalaena japonica trnI            AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AACCCTCTTATTTCTA 
Balaena mysticetus trnI            AGAGATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AACCCTCTTATTTCTA 
Caperea marginata trnI             AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTA-AATCCTCTTATTTCTA 
Eschrichtius robustus trnI         AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTACAATCCTCTTATTTCTA 
Balaenoptera acutorostrata trnI    AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCCATAATCCTCTTATTTCTA 
Balaenoptera bonaerensis trnI      AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTA-AATCCTCTTATTTCTA 
Balaenoptera physalus trnI         AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCCA-AATCCTCTTATTTCTA 
Megaptera novaeangliae trnI        AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTA-AACCCTCTTATTTCTA 
Balaenoptera musculus trnI         AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTA-AATCCTCTTATTTCTA 
Balaenoptera omurai trnI           AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTA-AATCCTCTTATTTCTA 
Balaenoptera borealis trnI         AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTATAATCCTCTTATTTCTA 
Balaenoptera brydei trnI           AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTATAATCCTCTTATTTCTA 
Balaenoptera edeni trnI            AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCCTATAACCCTCTTATTTCTA 
Kogia breviceps trnI               AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGGGGTTTA-AACCCCCTTGTTTCTA 
Physeter macrocephalus trnI        AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCTCA-AATCCTCTTATTTCTA 
Platanista minor trnI              AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Ziphius cavirostris trnI           AGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTCA-AACCCTCTTATTTCTA 
Mesoplodon densirostris trnI       AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAACAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Mesoplodon europaeus trnI          AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
**Mesoplodon grayi trnI            AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAACAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Berardius bairdii trnI             AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AACCCTCTTATTTCTA 
Hyperoodon ampullatus trnI         AGAGATATGTCTGACAAAAGAATTACTTTGATAGAGTAAACAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Lipotes vexillifer trnI            AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCCCTTATTTCTA 
Inia geoffrensis trnI              AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTCG-AACCCTCTTATTTCTA 
Pontoporia blainvillei trnI        AGAAATATGTCTGAT-AAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA--GCCCTCTTATTTCTA 
Monodon monoceros trnI             AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGGTTA-AATCCCCTTATTTCTA 
**Neophocaena asiaeorientalis trnI AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTG-AGCCCTCTTATTTCTA 
Neophocaena phocaenoides trnI      AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTG-AGCCCTCTTATTTCTA 
Phocoena phocoena trnI             AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Cephalorhynchus heavisidii trnI    AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Sousa chinensis trnI               AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGCTTA-AATCCTCTTATTTCTA 
Stenella attenuata trnI            AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Tursiops australis trnI            AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Tursiops truncatus trnI            AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Tursiops aduncus trnI              AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Delphinus capensis trnI            AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Stenella coeruleoalba trnI         AGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Orcaella brevirostris trnI         AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Orcaella heinsohni trnI            AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Grampus griseus trnI               AGAAATATGTCTGATAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Pseudorca crassidens trnI          AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AATCCTCTTATTTCTA 
Feresa attenuata trnI              AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Peponocephala electra trnI         AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGCCCTCTTATTTCTA 
Globicephala macrorhynchus trnI    AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Globicephala melas trnI            AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Lagenorhynchus albirostris trnI    AGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAATAGAGGTTTA-AGTCCTCTTATTTCTA 
Orcinus orca WNPTRU1 trnI          AGAAATATGTCTGACAAAAGAATTACTCTGATGGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Orcinus orca AntA1 trnI            AGAAATATGTCTGACAAAAGAATTACTCTGATGGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Orcinus orca AntB1 trnI            AGAAATATGTCTGACAAAAGAATTACTCTGATGGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Orcinus orca AntC1 trnI            AGAAATATGTCTGACAAAAGAATTACTCTGATGGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Orcinus orca ENAHN1 trnI           AGAAATATGTCTGACAAAAGAATTACTCTGATGGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Orcinus orca CNPNRAL trnI          AGAAATATGTCTGACAAAAGAATTACTCTGATGGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
Orcinus orca ENPOAL2 trnI          AGAAATATGTCTGACAAAAGAATTACTCTGATGGAGTAAATAATAGAGGTTCA-AGTCCTCTTATTTCTA 
                                   1234567  123      321 12345  ant  54321     12345        543217654321d 
                                   0000000  111      122 22222  333  33333     44444        5566666666667 
                                   1234567  012      901 34567  012  56789     56789        8901234567890 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-3 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnK (LYS) multiple alignment 
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                                   1234567  1234    4321 12345  ant  54321     12345        543217654321d 
                                                                                *              *          
Ceratotherium simum trnK           CATTAAGAAGCTAT--ATAGCGTTAGCCTTTTAAGTTGAAGATTGAGAGCCCAA-ATCTCTCCTTAATGA 
Equus caballus trnK                CACTAAGAAGCTATT-ATAGCATTAACCTTTTAAGTTAAAGATTGAGGGTTCAA-CCCCCTCCCTAGTGA 
Pecari tajacu trnK                 CATTAAGAAGCTAA--CTAGCATTAACCTTTTAAGTTAAAGACTAGGAGTCTAA-GTCTCCTCTTAATGA 
Phacochoerus africanus trnK        CATTGAGAAGCTAG--TCAGCACTAACCTTTTAAGTTAGAGATCGGGAGCTTAA-TCCTCCCCTCAATGA 
Potamochoerus porcus trnK          CATTGAGAAGCTAA--CCAGCACTAACCTTTTAAGTTAGAGATTGGGGGCTTAA-GTCCTCCCTCAATGA 
Sus scrofa trnK                    CATTGAGAAGCTAG--TCAGCACTAACCTTTTAAGTTAGAGATCGGGAGCCTAA-ATCTCCCCTCAATGG 
Camelus bactrianus trnK            CACTAAGAAGCTAG--CCAGCGTTAACCTTTTAAGTTAAAGAACGAGAGCCATG-ATCCCTCCTTAGTGA 
Camelus dromedarius trnK           CACTAAGAAGCTAG--CCAGCGTTAACCTTTTAAGTTAAAGAACGAGAGCCATG-ACCCCTCCTTAGTGA 
Lama guanicoe trnK                 CACTAAGAAGCTAG--TCAGCGTTAACCTTTTAAGTTAAAGAACGAGAGCTATA-AACCCTCCTTAGTGA 
Vicugna pacos trnK                 CACTAAGAAGCTAG--TCAGCGTTAACCTTTTAAGTTAAAGAATGAGAACTATA-AACTCTCCTTAGTGA 
Hyemoschus aquaticus trnK          CGCTAAGAAGCTAAA--CAGCGCTAGCCTTTTAAGCTAGAGACTGGGAG-ACCA-TGCTCCCCTGAGCGA 
Tragulus kanchil trnK              CGCTAAGAAGCTAAA--CAGCGCTAGCCTTTTAAGCTAGAGATTGGGAA-ATCA-CCTTCCCCTAAGCGA 
Giraffa camelopardalis trnK        CGCTAAGAAGCTAAA-CTAGCACTAGCCTTTTAAGCTAGAGACTGAGAG-AAGA-ATCTCTCCTTAGCGA 
Okapia johnstoni trnK              CGCCAAGAAGCTAAATCTAGCACTAACCTTTTAAGTTAGAGACTGAGAGCCCAA-TACTCTCCTTAGCGG 
Antilocapra americana trnK         CGTTGAGAAGCTAAAATCAGCGCTAGCCTTTTAAGCTAGAGACTGGAAGCATAA-CACTTCCCTTGACGA 
Moschus moschiferus trnK           CATCAAGAAGCTATT-TTAGCACTAACCTTTTAAGTTAGAGATTGAGAGCAGAA-CACTCTCCTTGATGA 
Muntiacus muntjak trnK             CATTAAGAAGCTAAA-ATAGCACTAGCCTTTTAAGCTAGAGACTGAGGGCACAATTACCCTCCTTGATGA 
Capreolus capreolus trnK           CATTAAGAAGCTAAA--AAGCACTAGCCTTTTAAGCTAGAGACTGAGAGCA-ATTAACTCTCCTTAATGA 
Alces alces trnK                   CATTAAGAAGCTAAA-ATAGCACTAGCCTTTTAAGCTAGAGACTGAGAGCACAA-TACTCTCCTTAATGA 
Cervus elaphus trnK                CATTAAGAAGCTAGA-ATAGCGCTAGCCTTTTAAGCTAGAAATTGAGAGTATAA-TGCTCTCCTTAATGG 
Dama dama trnK                     CATTAAGAAGCTAAA-ATAGCAATAGCCTTTTAAGCTAGAGATTGAGAGTGCAA-TACTCTCCTTAATGA 
Boselaphus tragocamelus trnK       CACCAAGAAGCTACA-TTAGCACTAACCTTTTAAGTTAGAGATTGAGAGCACCA-AACTCTCCTCGGTGA 
Tragelaphus oryx trnK              CACCAAGAAGCTATA-TCAGCATTAACCTTTTAAGTTAAAGATTGAGAGTACCA-AACTCTCCTTGGTGG 
Bos taurus trnK                    CACTAAGAAGCTATA--TAGCACTAACCTTTTAAGTTAGAGATTGAGAGCCATA-TACTCTCCTTGGTGA 
Bubalus bubalis trnK               CACCAAGAAGCTGTA-CCAGCACTAGCCTTTTAAGCTAGAGATAGGGAGCATTA-TACTCTCCTTGGTGA 
Syncerus caffer trnK               CACCAAGAAGCTATA--CAGCACTAGCCTTTTAAGTTAGAGATAGAGAACCATA-TGTTCTCCTTGGTGA 
Neotragus moschatus trnK           CACCAAGAAGCTATA--TAGCATTAACCTTTTAAGTTAAAGACTGAGAGAACAG-CACTCTCCTTGGTGA 
Alcelaphus buselaphus trnK         CACCAAGAAGCTATA-TAAGCGTTAACCTTTTAAGTTAAAGACTGAGAGCACGA-TACTCTCCTTGATGA 
Oryx gazella trnK                  CGCCAAGAAGCTATA-TCAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCATATTAACTCTCCTTGACGA 
Pantholops hodgsonii trnK          CATCAAGAAGCTGTA-CCAGCATTAACCTTTTAAGTTAAAGACTGAGAGCACAA-TACTCTCCTTGATGG 
Ovibos moschatus trnK              CATCGAGAAGCTATA-CCAGCATTAACCTTTTAAGTTAAAGACTGAGAGCATAA-TTCTCTCCTTGATGA 
Capra hircus trnK                  CATCAAGAAGCTATG--TAGCGTTAACCTTTTAAGTTAAAGACCGAGAGCATAA-TACTCTCCTTGATGA 
Ovis aries trnK                    CATCAAGAAGCTATC-CCAGCGTTAACCTTTTAAGTTAAAGACTGAGAATATTA-TATTCTCCTTGATGA 
Cephalophus natalensis trnK        CATCAAGAAGCTATG-TCAGCGTTAACCTTTTAAGTTAAAGACTGAGAGCACAA-TACTCTCCTTGATGA 
Redunca fulvorufula trnK           CATCAAGAAGCTATA-GTAGCATTAACCTTTTAAGTTAAAGACTGAGAGCATA--AACTCTCCTTGATGG 
Ourebia ourebi trnK                CACCAAGAAGCTAAA-TTAGCATTAACCTTTTAAGTTAAAGACTGAGAGCATAA-TAATCTCCTTGGTGA 
Antilope cervicapra trnK           CATCAAGAAGCTAAG-CAAGCATTAACCTTTTAAGTTAAAGACTGAGGGCATAA-TACCTTCCTTGATGA 
Gazella gazella trnK               CATCAAGAAGCTAAG-CAAGCATTAACCTTTTAAGTTAAAGACTGAGGACATGA-TATCCTCCTTGATGA 
Procapra gutturosa trnK            CATCAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGACTGAAAGCATAA-AACTTTCCTTGATGA 
Raphicerus campestris trnK         CATCAAGAAGCTAAT-TTAGCATTAACCTTTTAAGTTAAAGACTGAGGGTATAA-CACCCTCCTTGATGA 
Hexaprotodon liberiensis trnK      CATTAAGAAGCTAG---TAGCGCTAACCTTTTAAGTTAGAGACTGAGAGC-TA--AACTCTCCTTAATGA 
Hippopotamus amphibius trnK        CATTAAGAAGCTAG---TAGCGCTAACCTTTTAAGTTAGAGACTGAGAGC-CA--AGCTCTCCTTAATGA 
Eubalaena australis trnK           CATTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCCCAA--ACTCCCCTTAATGG 
Eubalaena japonica trnK            CATTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCCCAA--ACTCCCCTTAATGA 
Balaena mysticetus trnK            CATTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCCCAA--ACTCCCCTTAATGA 
Caperea marginata trnK             CATTAAGAAGCTAAATTCAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCCCAA--ACTCTCCTTAATGA 
Eschrichtius robustus trnK         CATTAAGAAGCTAAA--TAGCATTAACCTTTTAAGTTAAAGACTGAGAGCCTA-CGGCTCTCCTTAATGA 
Balaenoptera acutorostrata trnK    CGTTAAGAAGCTAAA-TTAGCGTCAACCTTTTAAGTTGAAGACTGAGAGCTTA-TAACTCCCCTTAATGA 
Balaenoptera bonaerensis trnK      CATTAAGAAGCTAAATTTAGCGTCAACCTTTTAAGTTGAAGATTGAGAGCCTA-TGACTCCCCTTAATGA 
Balaenoptera physalus trnK         CATTAAGAAGCTAAA-TTAGCATTAACCTTTTAAGTTAAAGATTGAGAGTCTA-TAACTCTCCTTAATGA 
Megaptera novaeangliae trnK        CATTAAGAAGCTAAA-CTAGCATTAACCTTTTAAGTTAAAGATTGAGAACCTA-TAATTCTCCTTAATGA 
Balaenoptera musculus trnK         CATTAAGAAGCTAAA-TCAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCCTA-TAACTCCCCTTAATGA 
Balaenoptera omurai trnK           CATTAAGAAGCTAAT-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCCTA-TAACTCCCCTTAATGA 
Balaenoptera borealis trnK         CATTAAGAAGCTAAA-CCAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCTTA-TAACTCCCCTTAATGA 
Balaenoptera brydei trnK           CATTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCTTA-TAACTCCCCTTAATGA 
Balaenoptera edeni trnK            CATTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGCTTA-TAACTCCCCTTAATGA 
Kogia breviceps trnK               CATTAAGAAGCTAAT-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGC-CAA-AGCTCCCCTTAATGA 
Physeter macrocephalus trnK        CATCAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGAATGAGAGCCCAA-GCCTCCCCTTGATGA 
Platanista minor trnK              CATTAAGAAGCTAAA-ATAGCGTTAACCTTTTAAGTTAAAGACTGAGAGA-CAA-GACTCCCCTTAATGA 
Ziphius cavirostris trnK           CATTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAAAGTCCAA--ACTTTCCTTAATGG 
Mesoplodon densirostris trnK       CATTAAGAAGCTAAA-CCAGCGTTAACCTTTTAAGTTAAAGATTGAAAGCATAA--ACTTTCCTTAATGA 
Mesoplodon europaeus trnK          CATTAAGAAGCTAAA-CCAGCATTAACCTTTTAAGTTAAAGATTGAAAGCCTAG--ACTTTCCTTAATGG 
**Mesoplodon grayi trnK            CATTAAGAAGCTAAA-TTAGCATTAACCTTTTAAGTTAAAGATTGAAAGCCCAA--ACTTTCCTTAATGG 
Berardius bairdii trnK             CATTAAGAAGCTAAA-CTAGCATTAACCTTTTAAGTTAAAGACTGAAAGTCCAA--ACTTTCCTTAATGG 
Hyperoodon ampullatus trnK         CATTAAGAAGCTAAA-CTAGCATTAACCTTTTAAGTTAAAGACTGAAAGCCCAA--ACTTTCCTTAATGG 
Lipotes vexillifer trnK            CATTAAGAAGCTAAA-CCAGCATTAACCTTTTAAGTTAAAGATTGAGAGCTGCAA-ACTCTCCTTAATGA 
Inia geoffrensis trnK              CATTAAGAAGCTAAA-CTAGCATTAACCTTTTAAGTTAAAGATTGGGAGTTATAA-ACCCCCCTTAATGG 
Pontoporia blainvillei trnK        CATTAAGAAGCTAAACTCAGCATTAACCTTTTAAGTTAAAGATTGGAAAACATGA-ATTTCCCTTAATGA 
Monodon monoceros trnK             CATTAAGAAGCTAAA-CTAGCATTAACCTTTTAAGTTAAAGACTGAGAGCTATAC-ACTCTCCTTAATGA 
**Neophocaena asiaeorientalis trnK CATTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGGGACTTACAG-GCTCCCCTTAATGA 
Neophocaena phocaenoides trnK      CATTAAGAAGCTAAG-CTAGCATTAACCTTTTAAGTTAAAGATTGGGACTTACAG-GCTCCCCTTAATGA 
Phocoena phocoena trnK             CATTAAGAAGCTAGG-CTAGCGTTAACCTTTTAAGTTAAAGATTGGGAGCTACAC-ATTCCCCTTAATGA 
Cephalorhynchus heavisidii trnK    CACTAAGAAGCTAAA-CTAGCATTAACCTTTTAAGTTAAAGATTGAGAGTTATAA-ACTCCCCTTAGTGG 
Sousa chinensis trnK               CACTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTATAA-GCTCCCCTTAGTGA 
Stenella attenuata trnK            CACTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTATAG-ACTCCCCTTAGTGA 
Tursiops australis trnK            CACTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTATAA-ACTCCCCTTAGTGA 
Tursiops truncatus trnK            CACTAAGAAGCTAAA-CCAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTATAA-ACTCCCCTTAGTGA 
Tursiops aduncus trnK              CACTAAGAAGCTAAA-TTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTATAA-ACTCCCCTTAGTGA 
Delphinus capensis trnK            CACTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTACAA-ACTCCCCTTAGTGA 
Stenella coeruleoalba trnK         CACTAAGAAGCTAAA-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTAATAA-ACTCCCCTTAGTGA 
Orcaella brevirostris trnK         CACTATGAAGCTAAC-CTAGCATTAACCTTTTAAGTTAAAGATTGGGAGGTATAA-ACTCCCCTTAGTGA 
Orcaella heinsohni trnK            CACTGAGAAGCTAAC-CTAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTATAA-ACTCTCCTTAGTGA 
Grampus griseus trnK               CACTAAGAAGCTAAA-ATAGCGTTAACCTTTTAAGTTAAAAATTGGGAATTATAA-ACTCCCCTTAGTGG 
Pseudorca crassidens trnK          CACCAAGAAGCTAAA-ATAGCGTTAACCTTTTAAGTTAAAGATTGGGAGTTATAA-ACTCCCCTTAGTGA 
Feresa attenuata trnK              CACTAAGAAGCTAAA-ATAGCGTTAACCTTTTAAGTTAGAGATTGGGAATTATAA-AAACCCCTTAGTGA 
Peponocephala electra trnK         CACTAAGAAGCTAAA-ATAGCGTTAACCTTTTAAGTTAAAGATTGGGAATTATAA-AATCCCCTTAGTGA 
Globicephala macrorhynchus trnK    CACTAAGAAGCTAAA-ATAGCGTTAACCTTTTAAGTTAAAGATTGGGAATTATAA-AAACCCCTTAGTGA 
Globicephala melas trnK            CACTAAGAAGCTAAA-ATAGCGTTAACCTTTTAAGTTAAAGATTGGGGATTAT-A-AAACCCCTTAGTGG 
Lagenorhynchus albirostris trnK    CACTAAGAAGCTAAA-TCAGCGTTAACCTTTTAAGTTAAAGATTGAGAGTTATAA-GCTCCCCTTAGTGA 
Orcinus orca WNPTRU1 trnK          CACTAAGAAGCTAAA-CTAGCGTTAACCCTTTAAGTTAAAGATTGAGAGCTATAA-ACTCCCCTTAGTGA 
Orcinus orca AntA1 trnK            CACTAAGAAGCTAAA-CTAGCGTTAACCCTTTAAGTTAAAGATTGAGAGCTATAA-ACTCCCCTTAGTGA 
Orcinus orca AntB1 trnK            CACTAAGAAGCTAAA-CTAGCGTTAACCCTTTAAGTTAAAGATTGAGAGCTATAA-ACTCCCCTTAGTGA 
Orcinus orca AntC1 trnK            CACTAAGAAGCTAAA-CTAGCGTTAACCCTTTAAGTTAAAGATTGAGAGCTATAA-ACTCCCCTTAGTGA 
Orcinus orca ENAHN1 trnK           CACTAAGAAGCTAAA-CTAGCGTTAACCCTTTAAGTTAAAGATTGAGAGCTATAA-ACTCCCCTTAGTGA 
Orcinus orca CNPNRAL trnK          CACTAAGAAGCTAAA-CTAGCGTTAACCCTTTAAGTTAAAGATTGAGAGCTATAA-ACTCCCCTTAGTGA 
Orcinus orca ENPOAL2 trnK          CACTAAGAAGCTAAA-CTAGCGTTAACCCTTTAAGTTAAAGATTGAGAGCTATAA-ACTCCCCTTAGTGA 
                                                                                *              *          
                                   1234567  1234    4321 12345  ant  54321     12345        543217654321d 
                                   0000000  1111    1122 22222  333  33333     44444        5566666666667 
                                   1234567  0123    8901 34567  012  56789     56789        8901234567890 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T) 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnL1 [LEU (L1, CUN)] multiple alignment 
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                                    1234567  1234        4321 12345  ant  54321     1234        43217654321d 
Ceratotherium simum trnL1           ACTTTTAAAGGATGGTAGT-TATCCGTTGGTCTTAGGAATCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Equus caballus trnL1                ACTTTTAAAGGATAGGAGC-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Pecari tajacu trnL1                 ACTTTTAAAGGATAGCAGT-TATCCGTTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
Phacochoerus africanus trnL1        ACTTTTAAAGGATAACAGC-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Potamochoerus porcus trnL1          ACTTTTAAAGGATAACAGT-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAATTCCAAATAAAAGTA 
Sus scrofa trnL1                    ACTTTTAAAGGATAACAGC-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Camelus bactrianus trnL1            ACTTTTAAAGGATAGAAGT-AATCCGTTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Camelus dromedarius trnL1           ACTTTTAAAGGATAGAAGG-AATCCGTTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Lama guanicoe trnL1                 ACTTTTAAAGGATAGAAGT-AATCCGTTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Vicugna pacos trnL1                 ACTTTTAAAGGATAGAAGT-AATCCGTTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Hyemoschus aquaticus trnL1          ACTTTTAAAGGATAACAGT-AATCCATTGGCCTTAGAAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Tragulus kanchil trnL1              ACTTTTAAAGGATAGAAGT-AATCCGTTGGTCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
Giraffa camelopardalis trnL1        ACTTTTAAAGGATAGTAGT-CATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Okapia johnstoni trnL1              ACTTTTAAAGGATGGAAGT-TATCCGTTGGTCTTAGGAACCGAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Antilocapra americana trnL1         ACTTTTAAAGGATAGTAGT-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Moschus moschiferus trnL1           ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Muntiacus muntjak trnL1             ACTTTTAGAGGATGGTAGA-TATCCGTTGGTCTTAGGAATCAAA--AATTGGTGCAACTCCAAATAAAAGTA 
Capreolus capreolus trnL1           ACTTTTAAAGGATAGTAGT-AATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Alces alces trnL1                   ACTTTTAGAGGATGGCAGT-AATCCGTTGGTCTTAGGAATCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Cervus elaphus trnL1                ACTTTTAGAGGATGACAGA-AATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Dama dama trnL1                     ACTTTTAGAGGATGACAGA-AATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Boselaphus tragocamelus trnL1       ACTTTTAAAGGATGGAAGT-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Tragelaphus oryx trnL1              ACTTTTAAAGGATAGCAGT-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Bos taurus trnL1                    ACTTTTAAAGGATAGTAGTTTATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Bubalus bubalis trnL1               ACTTTTAAAGGATAGTAGT-TATCCGTTGGTCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Syncerus caffer trnL1               ACTTTTAAAGGATAGTAGT-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Neotragus moschatus trnL1           ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Alcelaphus buselaphus trnL1         ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Oryx gazella trnL1                  ACTTTTAAAGGATGGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Pantholops hodgsonii trnL1          ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Ovibos moschatus trnL1              ACTTTTAAAGGATGGCAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Capra hircus trnL1                  ACTTTTAAAGGATAGTAGT-TATCCGTTGGTCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Ovis aries trnL1                    ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Cephalophus natalensis trnL1        ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Redunca fulvorufula trnL1           GCTTTTAAAGGATAGAAGT-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGCA 
Ourebia ourebi trnL1                ACTTTTAAAGGATGGTAGT-TATCCGTTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Antilope cervicapra trnL1           ACTTTTAAAGGATAGTAGT-TATCCATTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Procapra gutturosa trnL1            ACTTTTAAAGGATAGAAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Raphicerus campestris trnL1         ACTTTTAAAGGATAGTAGT-TATCCGTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Gazella gazella trnL1               ACTTTTAAAGGATAGAAGT-CATCCGTTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Hexaprotodon liberiensis trnL1      GCTTTTAAAGGATGGTAGC-TATCCATTGGTCTTAGGAGCCAAAG-AATTGGTGCAACTCCAAATAAAAGCA 
Hippopotamus amphibius trnL1        GCTTTTAAAGGATGGTAGC-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGCA 
Eubalaena australis trnL1           ACTTTTACAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Eubalaena japonica trnL1            ACTTTTACAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Balaena mysticetus trnL1            ACTTTTACAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Caperea marginata trnL1             ACTTTTATAGGATAGCAGT-AATCCATTGGTCTTAGGAACCAAAA-ATTTGGTGCAACTCCAAATAAAAGTA 
Eschrichtius robustus trnL1         ACTTTTACAGGATGGTAGC-CATCCATTGGTCTTAGGAACCAAAA-ATTTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera acutorostrata trnL1    ACTTTTACAGGATAACAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera bonaerensis trnL1      ACTTTTACAGGATAACAGT-TATCCATTGGTCTTAGGAACCAAAAAAATTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera physalus trnL1         ACTTTTACAGGATAGTAGT-TATCCATTGGTCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Megaptera novaeangliae trnL1        ACTTTTACAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera musculus trnL1         ACTTTTACAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera omurai trnL1           ACTTTTACAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera borealis trnL1         ACTTTTATAGGATAGTAGT-TATCCCTTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera brydei trnL1           ACTTTTATAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAG-AATTGGTGCAACTCCAAATAAAAGTA 
Balaenoptera edeni trnL1            ACTTTTATAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Kogia breviceps trnL1               ACTTTTAAAGGATGGTAGT-TATCCGTTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Physeter microcephalus trnL1        GCTTTTAAAGGATGGGAGT-TATCCATTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Platanista minor trnL1              ACTTTTAAAGGATAATAGT-TATCCATTGGCCTTAGGAGCCAAAA-AATTGGTGCAAGTCCAAATAAAAGTA 
Ziphius cavirostris trnL1           ACTTTTAAAGGATAGAAGT-TATCCGTTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
Mesoplodon densirostris trnL1       ACTTTTAAAGGATAGAAGT-TATCCATTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
Mesoplodon europaeus trnL1          ACTTTTAAAGGATGGAAGT-TATCCATTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
**Mesoplodon grayi trnL1            ACTTTTAAAGGATGGAAGT-TATCCATTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
Berardius bairdii trnL1             ACTTTTAAAGGATAGAAGT-CATCCGTTGGTCTTAGGAACCAAAA-GCTTGGTGCGACTCCAAATGAGAGTG 
Hyperoodon ampullatus trnL1         ACTTTTAAAGGATAGAAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Lipotes vexillifer trnL1            ACTTTTAAAGGATAACAGC-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Inia geoffrensis trnL1              GCTTTTAAAGGATAGTAGT-TATCCATTGGCCTTAGGAGCCAAAA-AATTGGTGCAACTCCAAATAAAAGCA 
Pontoporia blainvillei trnL1        ACTTTTAAAGGATAGTAGT-AATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Monodon monoceros trnL1             ACTTTTAAAGGATGGTAGC-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
**Neophocaena asiaeorientalis trnL1 ACTTTTAAAGGATAGCAGT-TATCCGTTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
Neophocaena phocaenoides trnL1      ACTTTTAAAGGATAGCAGT-TATCCGTTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
Phocoena phocoena trnL1             ACTTTTAAAGGATGGTAGT-TATCCGTTGGTCTTAGGAACCAAAA-ACTTGGTGCAACTCCAAATAAAAGTA 
Cephalorhynchus heavisidii trnL1    ACTTTTAAAGGATGGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Sousa chinensis trnL1               GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGCA 
Stenella attenuata trnL1            GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Tursiops australis trnL1            GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Tursiops truncatus trnL1            ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Tursiops aduncus trnL1              GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Delphinus capensis trnL1            ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Stenella coeruleoalba trnL1         GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Orcaella brevirostris trnL1         GCTTTTAAAGGATGGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Orcaella heinsohni trnL1            GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Grampus griseus trnL1               GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Pseudorca crassidens trnL1          GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGCA 
Feresa attenuata trnL1              GCTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Peponocephala electra trnL1         GCTTTTAAAGGATAGCAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Globicephala macrorhynchus trnL1    ACTTTTAAAGGATGGCAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Globicephala melas trnL1            ACTTTTAAAGGATGGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Lagenorhynchus albirostris trnL1    ACTTTTAAAGGATAGTAGT-TATCCATTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAATAAAAGTA 
Orcinus orca WNPTRU1 trnL1          GCTTTTAAAGGATAGTAGT-TATCCACTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
Orcinus orca AntA1 trnL1            ACTTTTAAAGGATAGTAGT-TATCCACTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
Orcinus orca AntB1 trnL1            ACTTTTAAAGGATAGTAGT-TATCCACTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
Orcinus orca AntC1 trnL1            ACTTTTAAAGGATAGTAGT-TATCCACTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
Orcinus orca ENAHN1 trnL1           ACTTTTAAAGGATAGTAGT-TATCCACTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
Orcinus orca CNPNRAL trnL1          ACTTTTAAAGGATAGTAGT-TATCCACTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
Orcinus orca ENPOAL2 trnL1          ACTTTTAAAGGATAGTAGT-TATCCACTGGTCTTAGGAACCAAAA-AATTGGTGCAACTCCAAGTAAAAGTA 
                                    1234567  1234        4321 12345  ant  54321     1234        43217654321d 
                                    0000000  1111        2222 22233  333  34444     4555        666666666777 
                                    1234567  0123        2345 78901  456  90123     9012        123456789012 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnL2 [LEU (L2, UUR)] multiple alignment 
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                                    1234567  1234          4321 12345  ant  54321      12345       543217654321d 
Ceratotherium simum trnL2           GTTAGGATGGCAGAGC-CGGAAATTGCATAAAACTTAAACCTTTAT-AATCAGAGGTTCAACTCCTCTTCCTAACA 
Equus caballus trnL2                GTTAGGGTGGCAGAGCCCGGAAATTGCATAAAACTTAAACCTTTAC-ACTCAGAGGTTCAACTCCTCTCCCTAACA 
Pecari tajacu trnL2                 ATTAGGGTGGCAGAGACCGGTTATTGCATAAAACTTAAACTTTTAC-AAACAGAGGTTCAACCCCTCTCCCTAATA 
Phacochoerus africanus trnL2        GTTAGGGTGGCAGAGACCGGTAATTGCGTAAAACTTAAACCTTTAT-TACCAGAGGTTCAACTCCTCTCCCTAACA 
Potamochoerus porcus trnL2          ATTAGGGTGGCAGAGACCGGTAATTGCGTAAAACTTAAACCTTTAT-TACCAGAGGTTCAACTCCTCTCCCTAATA 
Sus scrofa trnL2                    ATTAGGGTGGCAGAGACCGGTAATTGCGTAAAACTTAAACCTTTAT-TACCAGAGGTTCAACTCCTCTCCCTAATA 
Camelus bactrianus trnL2            ATTAGGGTGGCAGAGACCGGTAATTGCATAAAACTTAAGATTTTAG-ACCCAGAGGTTCAACCCCTCTCCCTAATA 
Camelus dromedarius trnL2           ATTAGGGTGGCAGAGACCGGTAATTGCATAAAACTTAAGATTTTAG-ACCCAGAGGTTCAATTCCTCTCCCTAATA 
Lama guanicoe trnL2                 GTTAGGGTGGCAGAGACCGGTAATTGCATAAAACTTAAGATTTTAC-ACCCAGAGGTTCAATTCCTCTCCCTAACA 
Vicugna pacos trnL2                 GTTAGGGTGGCAGAGACCGGTAATTGCATAAAACTTAAGATTTTAC-ACCCAGAGGTTCAATTCCCCTCCCTAACA 
Hyemoschus aquaticus trnL2          GTTAAGGTGGCAGAGCCCGGCAATTGCATAAAACTTAAAACTTTAC-AATCAGAGGTTCAAATCCTCTCCCTAACA 
Tragulus kanchil trnL2              GTTAAGGTGGCAGAGCCCGGTAATTGCATAAGACTTAAAACTTTAT-AACCAGAGATTCAAATCCTCTCCTTAACA 
Giraffa camelopardalis trnL2        GTTAAGGTGGCAGAGCCCGGTAATTGCATAAAACTTAAACCTTTAT-AATCAGAGATTCAAATTCTCTCCTTAACA 
Okapia johnstoni trnL2              GTTAAGGTGGCAGAGCCCGGTAATTGTATAAAGCTTAAACCTTTAT-GACCAGAGGTCCAAATCCTCTCCTTAACA 
Antilocapra americana trnL2         GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Moschus moschiferus trnL2           GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-AATCAGAGATTCAAATCCTCTCCTTAACA 
Muntiacus muntjak trnL2             GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAAACTTTAT-AATCAGAGATTCAAATCCTCTCCTTAACA 
Capreolus capreolus trnL2           GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACTTTTAT-ATTCAGAGATTCAAATTCTCTCCTTAACA 
Alces alces trnL2                   GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACTTTTAT-ATTCAGAGATTCAAATCCTCTCCTTAACA 
Cervus elaphus trnL2                GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAAACTTTAT-AATCAGAGATTCAAATCCTCTCCTTAACA 
Dama dama trnL2                     GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAAACTTTAT-AATCAGAGATTCAAATCCTCTCCTTAACA 
Boselaphus tragocamelus trnL2       GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACTTTTAT-ATCCAGAGATTCAAATCCTCTCCTTAACA 
Tragelaphus oryx trnL2              GTTAAGGTGGCAGAGCCCGGTAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGATTCAAATCCTCTCCTTAACA 
Bos taurus trnL2                    GTTAAGGTGGCAGAGCCCGGTAATTGCATAAAACTTAAACTTTTAT-ATCCAGAGATTCAAATCCTCTCCTTAACA 
Bubalus bubalis trnL2               GTTAAGGTGGCAGAGCCCGGTAATTGCATAAAACTTAAACTTTTAT-ATCCAGAGATTCAAATCCTCTCCTTAACA 
Syncerus caffer trnL2               GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACTTTTATTAACCAGAGATTCAAATCCTCTCCTTAACA 
Neotragus moschatus trnL2           GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ATTCAGAGATTCAAATCCTCTCCTTAACA 
Alcelaphus buselaphus trnL2         GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ATTCAGAGATTCAAATTCTCTCCTTAACA 
Oryx gazella trnL2                  GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAATTTAAACCTTTAT-ATTCAGAGATTCAAATCCTCTCCTTAACA 
Pantholops hodgsonii trnL2          GTTAAGGTGGCAGAGCCCGGTAATTGCATAAAACTTAAACCTTTAT-ATCCAGAGGTTCAAATCCTCTCCTTAACA 
Ovibos moschatus trnL2              GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATTCTCTCCTTAACA 
Capra hircus trnL2                  GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Ovis aries trnL2                    GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Cephalophus natalensis trnL2        GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Redunca fulvorufula trnL2           GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Ourebia ourebi trnL2                GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Antilope cervicapra trnL2           GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Gazella gazella trnL2               GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ATTCAGAGATTCAAATCCTCTCCTTAACA 
Procapra gutturosa trnL2            GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Raphicerus campestris trnL2         GTTAAGGTGGCAGAGCCCGGTAATTGCGTAAAACTTAAACCTTTAT-ACTCAGAGATTCAAATCCTCTCCTTAACA 
Hexaprotodon liberiensis trnL2      GTTGCGATGGCAGAGCCCGGTAATTGCATAAAACTTAAGCCTTTAC-A-TCAGAGGTTCAAATCCTCTTCACAACA 
Hippopotamus amphibius trnL2        GTTGCGATGGCAGAGCCCGGTAATTGCATAAAACTTAAACCTTTAC-A-CCAGAGGTTCAAATCCTCTTCACAACA 
Eubalaena australis trnL2           GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Eubalaena japonica trnL2            GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Balaena mysticetus trnL2            GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Caperea marginata trnL2             GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACCTTTAT-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Eschrichtius robustus trnL2         GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Balaenoptera acutorostrata trnL2    GTTGAGGTGGCAGAGTTCGGCAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Balaenoptera bonaerensis trnL2      GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Balaenoptera physalus trnL2         GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Megaptera novaeangliae trnL2        GTTGGGGTGGCAGAGTTCGGCAATTGCATAAAACTTAAACTTTTAC-ACCCAGGGGTTCAAATCCTCTCCCCAACA 
Balaenoptera musculus trnL2         GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACCTTTAC-ACTCAGAGGTTCAAATCCTCTCCCCAACA 
Balaenoptera omurai trnL2           GTTGAGGTGGCAGAGATTGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Balaenoptera borealis trnL2         GTTGAGGTGGCAGAGTTCGGCAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Balaenoptera brydei trnL2           GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Balaenoptera edeni trnL2            GTTGAGGTGGCAGAGTTCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Kogia breviceps trnL2               GTTGAGGTGGCAGAGTCAGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGGTTCAAATCCCCTCCCCAACA 
Physeter macrocephalus trnL2        GTTGTGGTGGCAGAGTCCGGTAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCCCTCCTCAACA 
Platanista minor trnL2              GTTGAGGTGGCAGAGTCCGGCAATTGTATAAAACTTAAACTTTTAC-ACTCAGAGGTTCAAATCCTCTCCCCAACA 
Ziphius cavirostris trnL2           GTTGAGGTGGCAGAGTCCGGCAATTGTATAAAACTTAAACTTTTAC-ACTCAGAGGTTCAAATCCTCTCCCCAACA 
Mesoplodon europaeus trnL2          GTTGAGGTGGCAGAGTCCGGTAATTGTATAAAACTTAAACTTTTAC-TCCCAGAGGTTCAAATCCTCTTCTCAACA 
Mesoplodon densirostris trnL2       GTTGAGGTGGCAGAATCCGGCAATTGCATAAAACTTAAACTTTTAC-ATCCAGAGGTTCAAATCCTCTCCCCAACA 
**Mesoplodon grayi trnL2            GTTGAGATGGCAGAGTCCGGCAATTGCATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCTCAACA 
Berardius bairdii trnL2             GTTGAGGTGGCAGAGTCCGGCAATTGCATAAAACTTAAACCTTTAC-ACCCAGAGGTTCAAATCCTCTCCTCAACA 
Hyperoodon ampullatus trnL2         GTTGGGGTGGCAGAGTCTGGCAACTGTATAAAACTTAAACTTTTAC-ACCCAGAGGTTCAAATCCTCTCCTCAACA 
Lipotes vexillifer trnL2            GTTAAGATGGCAGAGTACGGTAATTGCATAAAACTTAAACTTTTAT-ACCCAGAGGTTCAAATCCTCTCCTTAACA 
Inia geoffrensis trnL2              GTTGAGGTGGCAGAGCACGGGAATTGCATAAAACTTAAGCTTTTAT-TCTCAGAGGTTCAAATCCTCTCCCCAAGC 
Pontoporia blainvillei trnL2        GTTGGGGTGGCAGAGTACGGTAATTGCATAAAACTTAAACCTTTAT-ACCCAGAGGTTCAAATCCTCTCCTCAACT 
Monodon monoceros trnL2             GTTGGGATGGCAGAGTACGGCAATTGCATAAAACTTAAACCTTTAT-ACCCAGAGGTTCAAATCCTCTTCCCAACA 
**Neophocaena asiaeorientalis trnL2 GTTGGGGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCCTTTAT-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Neophocaena phocaenoides trnL2      GTTGGGGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCCTTTAT-ACCCAGAGGTTCAAATCCTCTCCCCAACA 
Phocoena phocoena trnL2             GTTGGGGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCCTTTAT-ATCCAGAGGTTCAAATCCTCTCCTCAACA 
Cephalorhynchus heavisidii trnL2    GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGGTTCAAATCCCCTCTTCAACA 
Sousa chinensis trnL2               GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAACTTTTAT-ACCCAGAGGTTCAAATCCCCTCTTCAACA 
Stenella attenuata trnL2            GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGGTTCAAATCCTCTCTTCAACA 
Tursiops australis trnL2            GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGGTTCAAATCCCCTCTTCAACA 
Tursiops truncatus trnL2            GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGATTCAAATCCCCTCTTCAACA 
Tursiops aduncus trnL2              GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGGTTCAAATCCCCTCTTCAACA 
Delphinus capensis trnL2            GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGGTTCAAATCCCCTCTTCAACA 
Stenella coeruleoalba trnL2         GTTGAAGTGGCAGAGTACGGCAATTGCATAAAACTTAAGCTTTTAT-ACCCAGAGGTTCAAATCCCCTCTTCAACA 
Orcaella brevirostris trnL2         GTTGAAGTGGCAGAGTAAGGCAATTGCATAAAACTTAAGCTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Orcaella heinsohni trnL2            GTTGAAGTGGCAGAGTAAGGCAATTGCATAAAACTTAAGCTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Grampus griseus trnL2               GTTGAAGTGGCAGAGTACGGCAATTGCATAAAATTTAAGCTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Pseudorca crassidens trnL2          GTTGAAGTGGCAGAGTACGGCAATTGCATAAAATTTAAGCTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Feresa attenuata trnL2              GTTGAAGTGGCAGAGTGTGGCAATTGCATAAAATTTAAGCTTTTAT-ACTCAGAGGTTCAAGTCCTCTCTTCAACA 
Peponocephala electra trnL2         GTTGAAGTGGCAGAGTATGGCAATTGCATAAAATTTAAGCTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Globicephala macrorhynchus trnL2    GTTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-ATTCAGAGGTTCAAATCCTCTCTTTAACA 
Globicephala melas trnL2            GTTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-ATTCAGAGGTTCAAATCCTCTCTTTAACA 
Lagenorhynchus albirostris trnL2    GTTGAAGTGGCAAAGTACGGCAATTGCATAAAACTTAAGCTTTTAC-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Orcinus orca WNPTRU1 trnL2          GCTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Orcinus orca AntA1 trnL2            GCTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-AATCAGAGGTTCAAATCCTCTCTTCAACA 
Orcinus orca AntB1 trnL2            GCTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-AATCAGAGGTTCAAATCCTCTCTTCAACA 
Orcinus orca AntC1 trnL2            GCTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-AATCAGAGGTTCAAATCCTCTCTTCAACA 
Orcinus orca ENAHN1 trnL2           GCTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Orcinus orca CNPNRAL trnL2          GCTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
Orcinus orca ENPOAL2 trnL2          GCTGAAGTGGCAGAGTATGGCAATTGCATAAAACTTAAACTTTTAT-ACTCAGAGGTTCAAATCCTCTCTTCAACA 
                                    1234567  1234          4321 12345  ant  54321      12345       543217654321d 
                                    0000000  1111          2222 23333  333  44444      55555       6666667777777 
                                    1234567  0123          4567 90123  678  12345      23456       4567890123456 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnM           AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGATTATACCCTTCCCGTACTA 
Equus caballus trnM                AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGATTACACCCTTCCCGTACTA 
Pecari tajacu trnM                 AGTAAGGTCAGCTAAATTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATACCCCTCCCGTACTA 
Phacochoerus africanus trnM        AGTAAGGTCAGCTAAATTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCATACTA 
Potamochoerus porcus trnM          AGTAAGGTCAGCTAAATCAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCGTACTA 
Sus scrofa trnM                    AGTAAGGTCAGCTAAGCTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATACCCTTCCCATACTA 
Camelus bactrianus trnM            AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Camelus dromedarius trnM           AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Lama guanicoe trnM                 AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Vicugna pacos trnM                 AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Hyemoschus aquaticus trnM          AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCGTACTA 
Tragulus kanchil trnM              AGTAAGGTCAGCTAATTTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCGTACTA 
Giraffa camelopardalis trnM        AGTAAGGTCAGCTAA-TTAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTATACCCTTCCCGTACTA 
Okapia johnstoni trnM              AGTAAGGTCAGCTAA-TTAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTACATCCTTCCCGTACTA 
Antilocapra americana trnM         AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Moschus moschiferus trnM           AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Muntiacus muntjak trnM             AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Capreolus capreolus trnM           AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Alces alces trnM                   AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Cervus elaphus trnM                AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Dama dama trnM                     AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTAAACCCTTCCCGTACTA 
Boselaphus tragocamelus trnM       AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Tragelaphus oryx trnM              AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTCTAAACCCTTCCCATACTA 
Bos taurus trnM                    AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Bubalus bubalis trnM               AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGGAAATGTTGGTTCACATCCTTCCCGTACTA 
Syncerus caffer trnM               AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Neotragus moschatus trnM           AGTAAGGTCAGCTAA-TCAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCGTACTA 
Alcelaphus buselaphus trnM         AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCGTACTA 
Oryx gazella trnM                  AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Pantholops hodgsonii trnM          AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCGTACTA 
Ovibos moschatus trnM              AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Capra hircus trnM                  AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Ovis aries trnM                    AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCGTACTA 
Cephalophus natalensis trnM        AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Redunca fulvorufula trnM           AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCACATCCTTCCCGTACTA 
Ourebia ourebi trnM                AGTAAGGTCAGCTAA-TTAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATACCCTTCCCGTACTA 
Antilope cervicapra trnM           AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Gazella gazella trnM               AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCGTACTA 
Procapra gutturosa trnM            AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCGTACTA 
Raphicerus campestris trnM         AGTAAGGTCAGCTAA-TTAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTACACCCTTCCCGTACTA 
Hexaprotodon liberiensis trnM      AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTAAATCCTTCCCGTACTA 
Hippopotamus amphibius trnM        AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTAAACCCCTCCCGTACTA 
Eubalaena australis trnM           AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCATACTA 
Eubalaena japonica trnM            AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCATACTA 
Balaena mysticetus trnM            AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCATACTA 
Caperea marginata trnM             AGTAAGGTCAGCTAAA-TAAGCTATTGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCATACTA 
Eschrichtius robustus trnM         AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTACATCCTTCCCATACTA 
Balaenoptera acutorostrata trnM    AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCATACTA 
Balaenoptera bonaerensis trnM      AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTCTATATCCTTCCCATACTA 
Balaenoptera physalus trnM         AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCATACTA 
Megaptera novaeangliae trnM        AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTACATCCTTCCCATACTA 
Balaenoptera musculus trnM         AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCATACTA 
Balaenoptera omurai trnM           AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCCTCCCATACTA 
Balaenoptera borealis trnM         AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCATACTA 
Balaenoptera brydei trnM           AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCATACTA 
Balaenoptera edeni trnM            AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCATACTA 
Kogia breviceps trnM               AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCATACTA 
Physeter macrocephalus trnM        AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCATACTA 
Platanista minor trnM              AGTAAGGTCAGCTAAA-CAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCACACCCTTCCCGTACTA 
Ziphius cavirostris trnM           AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCATACTA 
Mesoplodon densirostris trnM       AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCATACTA 
Mesoplodon europaeus trnM          AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCATACTA 
**Mesoplodon grayi trnM            AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATATCCTTCCCATACTA 
Berardius bairdii trnM             AGTAAGGTCAGCTAAG-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCTTCCCATACTA 
Hyperoodon ampullatus trnM         AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCATACTA 
Lipotes vexillifer trnM            AGTAAGGTCAGCTAAA-TAAGCTATTGGGCCCATACCCCAAAAATGTTGGTTTATACCCTTCCCATACTA 
Inia geoffrensis trnM              AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATATCCCTCCCGTACTA 
Pontoporia blainvillei trnM        AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCACATCCTTCCCGTACTA 
Monodon monoceros trnM             AGTAAGGGCAGCTAAG-TAAGCGATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCATACTA 
**Neophocaena asiaeorientalis trnM AGTAAGGTCAGCTAAT-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATACCCTTCCCATACTA 
Neophocaena phocaenoides trnM      AGTAAGGTCAGCTAAT-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATACCCTTCCCATACTA 
Phocoena phocoena trnM             AGTAAGGTCAGCTAAT-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTCATACCCTTCCCATACTA 
Cephalorhynchus heavisidii trnM    AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATACCCTTCCCATACTA 
Sousa chinensis trnM               AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTACACCCTTCCCATACTA 
Stenella attenuata trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTATATCCTTCCCATACTA 
Tursiops australis trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTATATCCTTCCCATACTA 
Tursiops truncatus trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTATATCCTTCCCATACTA 
Tursiops aduncus trnM              AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTATATCCTTCCCATACTA 
Delphinus capensis trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTATACCCTTCCCATACTA 
Stenella coeruleoalba trnM         AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTTATATCCTTCCCATACTA 
Orcaella brevirostris trnM         AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTTATACCCTTCCCATACTA 
Orcaella heinsohni trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATACCCTTCCCATACTA 
Grampus griseus trnM               AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATATCCTTCCCATACTA 
Pseudorca crassidens trnM          AGTAAGGTCAGCTAAA-CAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATATCCTTCCCATACTA 
Feresa attenuata trnM              AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATATCCTTCCCATACTA 
Peponocephala electra trnM         AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATATCCTTCCCATACTA 
Globicephala macrorhynchus trnM    AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTCGGTTCATATCCTTCCCATACTA 
Globicephala melas trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCATATCCTTCCCATACTA 
Lagenorhynchus albirostris trnM    AGTAAGGTCAGCTAAA-TAAGCTATCGGGCCCATACCCCGGAAATGTTGGTTCATATCCTTCCCATACTA 
Orcinus orca WNPTRU1 trnM          AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCACACCCCTCCCATACTA 
Orcinus orca AntA1 trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCACACCCCTCCCATACTA 
Orcinus orca AntB1 trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCACACCCCTCCCATACTA 
Orcinus orca AntC1 trnM            AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCACACCCCTCCCATACTA 
Orcinus orca ENAHN1 trnM           AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCACACCCCTCCCATACTA 
Orcinus orca CNPNRAL trnM          AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCACACCCCTCCCATACTA 
Orcinus orca ENPOAL2 trnM          AGTAAGGTCAGCTAAA-TAAGCTACCGGGCCCATACCCCGGAAATGTTGGTTCACACCCCTCCCATACTA 
                                       *                                         **           **   *      
                                   1234567  1234      4321 12345  ant  54321    12345       543217654321d 
                                   0000000  1111      2222 22222  333  33344    44445       5566666666667 
                                   1234567  0123      0123 56789  234  78901    67890       8901234567890 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnN (ASN) multiple alignment 
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                                                                                     *               *          
Ceratotherium simum trnN           TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAA-TTTCGTGGGATA--GTGGCCCACCAATCTAG 
Equus caballus trnN                TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAA-TTTCGTGGGATG--GTAGCCCACCAATCTAG 
Pecari tajacu trnN                 TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAGTTTCGTGGGTTG--TAGTCCCACCAGTCTAG 
Phacochoerus africanus trnN        TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAGTTTCGTGGGTAT-GTAATCCCGCCAATCTAG 
Potamochoerus porcus trnN          TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAGTTTCGTGGGTGT-GTAATCCCGCCAATCTAG 
Sus scrofa trnN                    TAGATTGAAGCCAGTTGATTAGGGTGTTTAGCTGTTAACTAAAAGTTTCGTGGGTAT-GTAATCCCACCAATCTAG 
Camelus bactrianus trnN            TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAA-TTTCGTGGGATA--AAGGCCCATCAATCTAG 
Camelus dromedarius trnN           TAGATTGAAGCCAGTTGACTAGGGCACTTAGCTGTTAACTAAAA-TTTCGTGGGATA--AAGGCCCGCCAATCTAG 
Lama guanicoe trnN                 TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAA-TTTCGTGGGATA--CAGGCCCACCAATCTAG 
Vicugna pacos trnN                 TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAA-TTTCGTGGGATA--CAGGCCCACCAATCTAG 
Hyemoschus aquaticus trnN          TAGATTGAAGCCAGTTGATTAAGGTGTTTAGCTGTTAACTAAAGG-TTTGTAGGATA--AAAGCCTACCAGTCTAG 
Tragulus kanchil trnN              TAGATTGAAGCCAGCTGATTAGGGTACTTAGCTGTTAACTAAG-GTTTTGCAGGATA--GAGGCCTGTCAATCTAG 
Giraffa camelopardalis trnN        TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Okapia johnstoni trnN              TAGATTGAAGCCAGTTGATTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGATCCCACCAATCTAG 
Antilocapra americana trnN         TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-CGGAGCCCACCAATCTAG 
Moschus moschiferus trnN           TAGATTGAAGCCAGTTGATTAGGGTGTTTAGCTGTTAACTAAA-GTCTCGTGGGG-G-TGGATCCCACCAATCTAG 
Muntiacus muntjak trnN             TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Capreolus capreolus trnN           TAGATTGAAGCCAGTTGACTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Alces alces trnN                   TAGATTGAAGCCAGTTGATTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Cervus elaphus trnN                TAGATTGAAGCCAGTTGATTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Dama dama trnN                     TAGATTGAAGCCAGTTGATTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Boselaphus tragocamelus trnN       TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGATCCCACCAATCTAG 
Tragelaphus oryx trnN              TAGATTGAAGCCAGTTATGTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Bos taurus trnN                    TAGATTGAAGCCAGTTAGCTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAGTCTAG 
Bubalus bubalis trnN               TAGATTGAAGCCAGTTGATTAGGGCATTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAGTCTAG 
Syncerus caffer trnN               TAGATTGAAGCCAGTTGATTAGGGCGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAGTCTAG 
Neotragus moschatus trnN           TAGATTGAAGCCAGTTGTTTAGGGTATTTAGCTGTTAACTAAAA-CTTCGTGGGG-G-AGGATCCCACCAATCTAG 
Alcelaphus buselaphus trnN         TAGATTGAAGCCAGTTGTTTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Oryx gazella trnN                  TAGATTGAAGCCAGTTGTTTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Pantholops hodgsonii trnN          TAGATTGAAGCCAGTTGTCTAGGGTATTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Ovibos moschatus trnN              TAGATTGAAGCCAGTTGTCTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Capra hircus trnN                  TAGATTGAAGCCAGTTATCTAGGGTATTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAGTCTAG 
Ovis aries trnN                    TAGATTGAAGCCAGTTGTTTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Cephalophus natalensis trnN        TAGATTGAAGCCAGTTGTTTAGGGTATTTAGCTGTTAACTAAAT-TTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Redunca fulvorufula trnN           TAGATTGAAGCCAGTTGTTTAGGGTATTTAGCTGTTAACTAAAA-TCTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Ourebia ourebi trnN                TAGATTGAAGCCAGTATTTTAGGGTGTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Antilope cervicapra trnN           TAGATTGAAGCCAGTATGTTAGGGTATTTAGCTGTTAACTAAAA-CTTCGTGGGG-G-TAGAGCCCACCAATCTAG 
Gazella gazella trnN               TAGATTGAAGCCAGTATATTAGGGTATTTAGCTGTTAACTAAAA-CTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Procapra gutturosa trnN            TAGATTGAAGCCAGTATTTTAGGGTATTTAGCTGTTAACTAAAT-TTTCGTGGGG-G-TGGAGCCCACCAATCTAG 
Raphicerus campestris trnN         TAGATTGAAGCCAGTACGTTAGGGTTTTTAGCTGTTAACTAAA-GTTTCGTGGGG-G-CGGAGCCCACCAGTCTAG 
Hexaprotodon liberiensis trnN      TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGGAG-CATGTCCCACCAATCTAG 
Hippopotamus amphibius trnN        TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGGAG-CATGCCCCACCAATCTAG 
Eubalaena australis trnN           TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Eubalaena japonica trnN            TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Balaena mysticetus trnN            TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Caperea marginata trnN             TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Eschrichtius robustus trnN         TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Balaenoptera acutorostrata trnN    TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Balaenoptera bonaerensis trnN      TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Balaenoptera physalus trnN         TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Megaptera novaeangliae trnN        TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Balaenoptera musculus trnN         TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Balaenoptera omurai trnN           TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Balaenoptera borealis trnN         TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGAAGATGTATCCCTCCAATCTAG 
Balaenoptera brydei trnN           TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGAAGATGTATCCCTCCAATCTAG 
Balaenoptera edeni trnN            TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGAAGATGTATCCCTCCAATCTAG 
Kogia breviceps trnN               TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGAGGGAAG-TATACCCCTCCAATCTAG 
Physeter macrocephalus trnN        TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGAAG-TGTATCCCTCCAATCTAG 
Platanista minor trnN              TAGATTGAAGCCAGTTGTTTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Ziphius cavirostris trnN           TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Mesoplodon densirostris trnN       TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Mesoplodon europaeus trnN          TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
**Mesoplodon grayi trnN            TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAA-TTCGAGGGA-AATGTATCCCTCCAATCTAG 
Berardius bairdii trnN             TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAA-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Hyperoodon ampullatus trnN         TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Lipotes vexillifer trnN            TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Inia geoffrensis trnN              TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Pontoporia blainvillei trnN        TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Monodon monoceros trnN             TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
**Neophocaena asiaeorientalis trnN TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Neophocaena phocaenoides trnN      TAGATTGAAGCCAGTTGATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-AGAGTATCCCTCCAATCTAG 
Phocoena phocoena trnN             TAGATTGAAGCCAGTTGACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Cephalorhynchus heavisidii trnN    TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Sousa chinensis trnN               TAGATTGAAGCCAGTTTACTAGGGTATTTAGTTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Stenella attenuata trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Tursiops australis trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Tursiops truncatus trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Tursiops aduncus trnN              TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Delphinus capensis trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Stenella coeruleoalba trnN         TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcaella brevirostris trnN         TAGATTGAAGCCAGTTTATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcaella heinsohni trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Grampus griseus trnN               TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Pseudorca crassidens trnN          TAGATTGAAGCCAGTTTATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATATATCCCTCCAATCTAG 
Feresa attenuata trnN              TAGATTGAAGCCAGTTTATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Peponocephala electra trnN         TAGATTGAAGCCAGTTTATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Globicephala macrorhynchus trnN    TAGATTGAAGCCAGTTTATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Globicephala melas trnN            TAGATTGAAGCCAGTTTATTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-AATGTATCCCTCCAATCTAG 
Lagenorhynchus albirostris trnN    TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATCTATCCCTCCAATCTAG 
Orcinus orca WNPTRU1 trnN          TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcinus orca AntA1 trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcinus orca AntB1 trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcinus orca AntC1 trnN            TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcinus orca ENAHN1 trnN           TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcinus orca CNPNRAL trnN          TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
Orcinus orca ENPOAL2 trnN          TAGATTGAAGCCAGTTTACTAGGGTATTTAGCTGTTAACTAAAAG-TTCGTGGGA-GATGTATCCCTCCAATCTAG 
                                                                                     *               *          
                                   1234567  123          321 12345  ant  54321      12345         543217654321d 
                                   0000000  111          222 22233  333  34444      55555         6666667777777 
                                   1234567  012          345 78901  456  90123      01234         4567890123456 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-3 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnP (PRO) multiple alignment 
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                                   1234567  1234      4321 12345  ant  54321    1234        43217654321d 
Ceratotherium simum trnP           CAAGGAGTAGTTTAA-GTAGAATTTCAGCTTTGGGTGTTGATGGTGAGGCTA-GG-GCCTCTTCCTTGA 
Equus caballus trnP                CAAGGAATAGTTTAA-GTAGAATTTCAGCTTTGGGTGTTGATGGTGGAGCTA-GA-GCTTCTTCCTTGA 
Pecari tajacu trnP                 CAGGGAATAGTTTAAT-TAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTCA--G-TCTCCTTCCTTGA 
Phacochoerus africanus trnP        CAGGGAATAGTTTAGT-TAGAATTTCAGCTTTGGGTGCTGATGGCGGAGTTG---TTCTCCTTCCTTGA 
Potamochoerus porcus trnP          CAGGGAATAGTTTAGT-TAGAATTTCAGCTTTGGGTGCTGATGGCGGAGTTG---TTCTCCTTCCTTGA 
Sus scrofa trnP                    CAGGGAATAGTTTAGT-TAGAATTTCAGCTTTGGGTGCTGATGGCGGAGTTA--G-TCTCCTTCCTTGA 
Camelus bactrianus trnP            CAGGGGGTAGTTTAATG-AGAATTCCAGCTTTGGGTGCTGGTGGTGGGGCTTT-G-GCCTCTTCCCTGA 
Camelus dromedarius trnP           CAGGGGGTAGTTTAATA-AGAATTCCAGCTTTGGGTGCTGGTGGTGGGGCTTT-G-GCCTCTCCCCTGA 
Lama guanicoe trnP                 CAGGGGGTAGTTTAATA-AGAATTCCAGCTTTGGGTGCTGGTGGTAGGGCTTT-G-GCCCTTTCCCTGA 
Vicugna pacos trnP                 CAGGGGGTAGTTTAATA-AGAATTCCAGCTTTGGGTGCTGGTGGTAGGGCTTT-G-GCTCTTTCCCTGA 
Hyemoschus aquaticus trnP          CAGGGGATAGTTTAA-GTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGCGTT-A-GCTTCTTCCTTGA 
Tragulus kanchil trnP              CAAGGAATAGTTTAA-CTAGAATTTCAGCTTTGGGTGTTGATGGTGAGGTTTG-AGGCCTCTTCCTTGA 
Giraffa camelopardalis trnP        CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATGGTGGGGCAAT-A-GCTCCTTCCTTGA 
Okapia johnstoni trnP              CAGAGAATAGTTTAA-ACAGAACTTCAGCTTTGGGTGTTGATGGTGGGGCCGT-G-GCCTCTTCTTTGA 
Antilocapra americana trnP         CAGGGAATAGTTTAA-GTAGAACTTCAGCTTTGGGTGTTGAAAGTGGGGCTAT--TGCTTCTTCCTTGA 
Moschus moschiferus trnP           CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-A-GCTTCTTCCTTGA 
Muntiacus muntjak trnP             CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATGGTGGGGCTAT-G-GCTTCTTCCTTGA 
Capreolus capreolus trnP           CAGGGAATAGTTTAAT-TAGAACTTCAGCTTTGGGTGTTGATGGTGGGGCTAT-A-GCTTCTTCCTTGA 
Alces alces trnP                   CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-A-GCTTCTTCCTTGA 
Cervus elaphus trnP                CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-G-GCTTCTTCCTTGA 
Dama dama trnP                     CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGTTAT-A-GCTCCTTCCTTGA 
Boselaphus tragocamelus trnP       CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATGGTGGAGCTAT-G-GCTTCTTCCTTGA 
Tragelaphus oryx trnP              CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGAGTTGATGGTGGGGCGGT--TGCTTCTTCCTTGA 
Bos taurus trnP                    CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGGGTTGATGGTGAGACTGC-A-GTTTCTTCCTTGA 
Bubalus bubalis trnP               CAGGGAGTAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGGTAGTGGGGCTAT-A-GCCTCTTCCCTGA 
Syncerus caffer trnP               CAGGGAGTAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGGTAGTGGGGCTAT-A-GCCTCTTCCCTGA 
Neotragus moschatus trnP           CAGGGAATAGTTTAA-GTAGAACTTCAGCTTTGGGTGTTGATGGTGGAGCTAT-A-GCTTCTTCCTTGA 
Alcelaphus buselaphus trnP         CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGCTGATAGTGGGGCTATTAGGCTTCTTCCTTGA 
Oryx gazella trnP                  CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-A-GCTTCTTCCTTGA 
Pantholops hodgsonii trnP          CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-A-GCTTCTTCCTTGA 
Ovibos moschatus trnP              CAGGGAGTAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGAGCTAT-A-GCTTCTTCCTTGA 
Capra hircus trnP                  CAGGGAATAGTTTAA-ATAGAATTTCAGCTTTGGGTGCTGATAGTGAGGCTAT-G-GCTTCTTCCTTGA 
Ovis aries trnP                    CAGGGAATAGTTTAA-GTAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-A-GCTTCTTCCTTGA 
Cephalophus natalensis trnP        CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTCT-A-GTCTCTTCCTTGA 
Redunca fulvorufula trnP           CAGGGAATAGTTTAA-GTAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-A-GCTTCTTCCTTGA 
Ourebia ourebi trnP                CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGCTGATGGTGGAGTTAT-A-GCTTCTTCCTTGA 
Antilope cervicapra trnP           CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-G-GCTTCTTCCTTGA 
Gazella gazella trnP               CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-G-GCTTCTTCCTTGA 
Procapra gutturosa trnP            CAGGGAATAGTTTAA-GCAGAACTTCAGCTTTGGGTGTTGATAGTGGAGCCAT-A-GCTTCTTCCTTGA 
Raphicerus campestris trnP         CAGGGAATAGTTTAA-ATAGAACTTCAGCTTTGGGTGTTGATAGTGGGGCTAT-A-GTCTCTTCCTTGA 
Hexaprotodon liberiensis trnP      CAGGGAATAGTTTA-TCTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGCTT-GG-GCTTCTTCCTTGA 
Hippopotamus amphibius trnP        CAGGGAATAGTTTA-TCTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGCTTGAG-CTTTCTTCCTTGA 
Eubalaena australis trnP           CAGGGAATAGTTTAA-GTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-AGTACTTCTTCCTTGA 
Eubalaena japonica trnP            CAGGGAATAGTTTAA-GTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTAT-AGTACTTCTTCCTTGA 
Balaena mysticetus trnP            CAGGGAATAGTTTAATGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-AGTGCTTCTTCCTTGA 
Caperea marginata trnP             CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGGCGGTGGAGTAT-AGTACTTCTTCCTTGA 
Eschrichtius robustus trnP         CAGGGAATAGTTTA-TGTAGAATCTCAGCTTTGGGTGCTGATGGTGGAGTGT-GATGCTTCTTCCTTGA 
Balaenoptera acutorostrata trnP    CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-GATGCTTCTTCCTTGA 
Balaenoptera bonaerensis trnP      CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-GATGCTTCTTCCTTGA 
Balaenoptera physalus trnP         CAGGGAATAGTTTA-TGTAGAACTTCAGCTTTGGGTGCTGATGGTGGAGTGT-AATACTTCTTCCTTGA 
Megaptera novaeangliae trnP        CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-AATACTTCTTCCTTGA 
Balaenoptera musculus trnP         CAGGGAATAGTTTA-TATAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-GATGCTTCTTCCTTGA 
Balaenoptera omurai trnP           CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTAG-AACACTTCTTCCTTGA 
Balaenoptera borealis trnP         CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-AATACTTCTTCCTTGA 
Balaenoptera brydei trnP           CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-AATACTTCTTCCTTGA 
Balaenoptera edeni trnP            CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGGAGTGT-AATACTTCTTCCTTGA 
Kogia breviceps trnP               CAAGGAATAGTTTA-TGCAGAATTTCAGCTTTGGGTGTTGATGGTGGGGTATGAATGCCTCTTCCTTGA 
Physeter macrocephalus trnP        CAAGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGATGGTGAGGTTT-AGTGCTTCTTCCTTGA 
Platanista minor trnP              CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGCTGGCGGTGAGGTAT-AGTACTTCTTCCTTGA 
Ziphius cavirostris trnP           CAGGGAGTAGTTTA-TGTAGAATTTCAGCTTTGGGTGTTGATGGTGAGGCGT-AATGCTTCTTCCCTGA 
Mesoplodon densirostris trnP       CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGTTGATGGTGGAGCGT-AATGCTTCTTCCCTGA 
Mesoplodon europaeus trnP          CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGTTGATGGTGAAGTGT-GATGCTTCTTCCCTGA 
**Mesoplodon grayi trnP            CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGTTGATGGTGAAGCGT-AATGCTTCTTCCCTGA 
Berardius bairdii trnP             CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGTTGATGGTGAAGTGT-AATGCTTCTTCCCTGA 
Hyperoodon ampullatus trnP         CAGGGAATAGTTTA-TGTAGAATTTCAGCTTTGGGTGTTGATGGTGAAGTGTTAATACTTCTTCCCTGA 
Lipotes vexillifer trnP            CAAGAAATAGTTTA-TGTAGAACTCCAGCTTTGGGGGTTGGTGGTGAGGTTT-GATATCTCTTTCTTGA 
Inia geoffrensis trnP              CAAGGAATAGTTTA-TAGAGAATCCCAGCTTTGGGTGTTGGTGGTGAGGTTT-GGTGCTTCTTCCTTGA 
Pontoporia blainvillei trnP        CAGGGAATAGTTTA-TAAAGAATTCCAGCTTTGGGTGTTGGTGGTGAGTTTT-AATATCTCTTCCTTGA 
Monodon monoceros trnP             CAAGGAATAGTTTA-TGTAGAATCCCAGCTTTGGGTGTTGGTGGTGAGGTTC-AATGTCTCTTCCTTGA 
**Neophocaena asiaeorientalis trnP CAAGGAGTAGTTTA-TAAAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTTAAATGTCTCTTCCTTGA 
Neophocaena phocaenoides trnP      CAAGGAGTAGTTTA-TAAAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTTAAATGTCTCTTCCTTGA 
Phocoena phocoena trnP             CAAGGAGTAGTTTA-TAAAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTTGAATGTCTCCTCCTTGA 
Cephalorhynchus heavisidii trnP    CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Sousa chinensis trnP               CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Stenella attenuata trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Tursiops australis trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATATCTCTTCCTTGA 
Tursiops truncatus trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Tursiops aduncus trnP              CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Delphinus capensis trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Stenella coeruleoalba trnP         CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcaella brevirostris trnP         CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcaella heinsohni trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Grampus griseus trnP               CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Pseudorca crassidens trnP          CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Feresa attenuata trnP              CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Peponocephala electra trnP         CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Globicephala macrorhynchus trnP    CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Globicephala melas trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Lagenorhynchus albirostris trnP    CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcinus orca WNPTRU1 trnP          CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcinus orca AntA1 trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcinus orca AntB1 trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcinus orca AntC1 trnP            CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcinus orca ENAHN1 trnP           CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcinus orca CNPNRAL trnP          CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
Orcinus orca ENPOAL2 trnP          CAAGGAATAGTTTA-TGTAGAATTCCAGCTTTGGGTGTTGGTGGTGAGGTTT-AATGTCTCTTCCTTGA 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnQ           TAGAATGTGGTGTAG---TTTGGTAGCACGAAGATTTTTGAGTTCTTAGGAGTAGGTTCAATTCCTATAATTCTAG 
Equus caballus trnQ                TAGGACATGGTGTAA---TTCGGTAGCACGGAGGATTTTGAATTCTCAGGAGCAGGTTCAATTCCTGTAGTTCTAG 
Pecari tajacu trnQ                 TAGAATGTGGTGTAG---TTTGGTAGCACAAGGAATTTTGAGTTCTTAGTTATAGGTTCGAGTCCTATTGTTCTAG 
Phacochoerus africanus trnQ        TAGAATGTGGTGTAT---TTTGGTAGCACGGAGAATTTTGAATTCTCAGGTTTAGGTTCGAGTCCTATTGTTCTAG 
Potamochoerus porcus trnQ          TAGAATGTGGTGTAT---TTTGGTAGCACGGAGAATTTTGAATTCTCAGGTTTAGGTTCGAGTCCTATTGTTCTAG 
Sus scrofa trnQ                    TAGAATGTGGTGTAT---TTTGGTAGCACGGAGAATTTTGAATTCTCAGGTTTAGGTTCGAGTCCTATTGTTCTAG 
Camelus bactrianus trnQ            TAGAATGTGGTGTAG---CGTGGTAGCACGAAGAATTTTGAATTCTTAGGGGTAGGTTCAATTCCTACGGTTCTAG 
Camelus dromedarius trnQ           TAGAATGTGGTGTAG---TGTGGTAGCACGGAGAATTTTGAATTCTCAGGGGTAGGTTCAATTCCTACGGTTCTAG 
Lama guanicoe trnQ                 TAGAATATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAGGGGTAGGTTCAACTCCTGCAGTTCTAG 
Vicugna pacos trnQ                 TAGAACATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAGGGGTAGGTTCAACTCCTGCAGTTCTAG 
Tragulus kanchil trnQ              TAGAATGTGGTGTGA---TCAGGTAGCACGAAGAATTTTGAATTCTTAGGGGTGGGTTCAATTCCCATAGTTCTAG 
Hyemoschus aquaticus trnQ          TAGAATGTGGTGTAAA--T-TGGTAGCACGGAGAATTTTGAATTCTTAGGGGTAGGTTCGATTCCTATTGTTCTAG 
Giraffa camelopardalis trnQ        TAGAGTTTGGTGTAA-----TGGGAGCACGGAGAGTTTTGGATTCTTAAGGATAGGTTCAATTCCTGTAGCTCTAG 
Okapia johnstoni trnQ              TAGAATTTGGTGTAG---T-TGGGAGCACGGAGAGTTTTGGGTTCTTAGGGGTAGGTTCAATTCCTATAATTCTAG 
Antilocapra americana trnQ         TAGAATTTGGTGTAA---T-TGGGAGCACGGAGAGTTTTGGGTTCTCAGGAGTGGGTTCAATTCCTATAATTCTAG 
Moschus moschiferus trnQ           TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Muntiacus muntjak trnQ             TAGAATTTGGTGTAA---T-TGGGAGCACAAAGAGTTTTGGATTCTTGAGAGTAGGTTCAACTCCTATAGTTCTAG 
Capreolus capreolus trnQ           TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGATTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Alces alces trnQ                   TAGAATTTGGTGTAA---T-TGGGAGCACAAAGAGTTTTGGATTCTTAGGAGTAGGTTCAATTCCTGTAGTTCTAG 
Cervus elaphus trnQ                TAGAATTTGGTGTAT---T-TGGGAGCACAAAGAGTTTTGGATTCTTGGGAGTAGGTTCAATTCCTATAATTCTAG 
Dama dama trnQ                     TAGAATTTGGTGTAT---T-TGGGAGCACGAAGAGTTTTGGATTCTTGGGAGTAGGTTCAATTCCTATAATTCTAG 
Boselaphus tragocamelus trnQ       TAGAATTTGGTGTAAA--T-TGGGAGCACGAAGAGTTTTGAGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Tragelaphus oryx trnQ              TAGAGTTTGGTGTAC---T-TGGTAGCACGAAGAATTTTGGGTTCTTAGGGGTAGGTTCAATTCCTATAGTTCTAG 
Bos taurus trnQ                    TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGATTCTTAGGAGTAGGTTCGATTCCTATAGTTCTAG 
Bubalus bubalis trnQ               TAGGACTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGATTAGGTTCAATTCCTATAGTTCTAG 
Syncerus caffer trnQ               TAGGACTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGATTAGGTTCAACTCCTATAGTCCTAG 
Neotragus moschatus trnQ           TAGAATTTGGTGTAA---T-AGGGAGCACGGAGAGTTTTGGATTCTCAAGAGTAGGTTCAATTCCTATGGTTCTAG 
Alcelaphus buselaphus trnQ         TAGAATTTGGTGTAA---C-TGGGAGCACGAGGAGTTTTGAGTTCTTAGGAGTAGGTTCGATCCCTATAGTTCTAG 
Oryx gazella trnQ                  TAGAATTTGGTGTAA---T-TGGGAGCACAAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Pantholops hodgsonii trnQ          TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Ovibos moschatus trnQ              TAGAATTTGGTGTAC---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCGATCCCTATAATTCTAG 
Capra hircus trnQ                  TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAATTCTAG 
Ovis aries trnQ                    TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Cephalophus natalensis trnQ        TAGGATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Redunca fulvorufula trnQ           TAGAACTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAACTCCTATAGTTCTAG 
Ourebia ourebi trnQ                TAGAGTTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGAGTTCTTAGGAGTAGGTTCAATTCCTATAATTCTAG 
Antilope cervicapra trnQ           TAGAATTTGGTGTAT---T-TGGGAGCACGAAGAGTTTTGGATTCTTAGGAGTAGGTTCAATTCCTATGATTCTAG 
Gazella gazella trnQ               TAGAATTTGGTGTAT---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Procapra gutturosa trnQ            TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGACTCTTAGGAGTAGGTTCGATTCCTGTGATTCTAG 
Raphicerus campestris trnQ         TAGAATTTGGTGTAA---T-TGGGAGCACGAAGAGTTTTGGGTTCTTAGGAGTAGGTTCAATTCCTATAGTTCTAG 
Hexaprotodon liberiensis trnQ      TGGAACAGGGTGTGA---T-TGGTAGCACAGGGAATTTTGAATTCTCAGGAGTAGGTTCGATTCCTATAGTTCTAG 
Hippopotamus amphibius trnQ        TGGAACGGGGTGTGA---T-TGGTAGCACGGGGAATTTTGAGTTCTCAGGAGTAGGTTCGATTCCTATAGTTCTAG 
Eubalaena australis trnQ           TAGATTGTAGTGTAA---CATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCAATTCCTATTATTCTAG 
Eubalaena japonica trnQ            TAGATTGTAGTGTAA---CATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCAATTCCTATTATTCTAG 
Balaena mysticetus trnQ            TAGATTGTAGTGTAA---TATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCAATTCCTATTATTCTAG 
Caperea marginata trnQ             TAGATTATGGTGTGA---TGTGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCAATTCCTATTATTCTAG 
Eschrichtius robustus trnQ         TAGATTGTAGTGTAG---CGTGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Balaenoptera acutorostrata trnQ    TAGATTGTAGTGTAA---TATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGACTCCTATTATTCTAG 
Balaenoptera bonaerensis trnQ      TAGATTGTAGTGTAA---TATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Balaenoptera physalus trnQ         TAGATTGTAGTGTAA---TATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Megaptera novaeangliae trnQ        TAGATTGTAGTGTAA---TGTGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Balaenoptera musculus trnQ         TAGATTGTAGTGTAA---TATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Balaenoptera omurai trnQ           TAGATTGTAGTGTAA---TATGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Balaenoptera borealis trnQ         TAGATTGTAGTGTAA---TATGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Balaenoptera brydei trnQ           TAGATTGTAGTGTAA---CATGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Balaenoptera edeni trnQ            TAGATTGTAGTGTAA---CATGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Kogia breviceps trnQ               TAGATTGTAGTGTAGCAATGTGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGACTCCTATTATTCTAG 
Physeter macrocephalus trnQ        TGGATTGTAGTGTAGCAATGTGGTAGCACGAAGAACTTTGAATTCTTAAGGATAGGTTCAACTCCTATTATTCTAG 
Platanista minor trnQ              TAGATTGTGGTGTAG---TGTGGTAGCACAGAGAATTTTGAATTCTCAGGGATAGGTTCAATTCCTATTGTTCTAG 
Ziphius cavirostris trnQ           TAGATTATGGTGTAA---TATGGTAGCACGGAGAACTTTGAATTCTTAGGGGTAGGTTCAATTCCTACTATTCTAG 
Mesoplodon densirostris trnQ       TAGATTATAGTGTAA---TATGGTAGCACGGAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Mesoplodon europaeus trnQ          TAGATTGTAGTGTAA---TATGGTAGCACGGAGAACTTTGAATTCTTAAGAGTAGGTTCGATTCCTATTATTCTAG 
**Mesoplodon grayi trnQ            TAGATTGTGGTGTAA---TATGGTAGCACGGGGAATTTTGAATTCTCAAGAGTAGGTTCGATTCCTATTATTCTAG 
Berardius bairdii trnQ             TAGATTATGGTGTAA---TATGGTAGCACGGAGAACTTTGAATTCTTAGGGGTAGGTTCGATTCCTATTATTCTAG 
Hyperoodon ampullatus trnQ         TAGATTATAGTGTAA---TGTGGTAGCACGAAGAAGTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Lipotes vexillifer trnQ            TGGATTATGGTGTAA---TATGGTAGCACGGAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTACTGTTCTAG 
Inia geoffrensis trnQ              TAGATTATGGTGTAA---TATGGTAGCACGGAGAACTTTGAATTCTTAGGGGTAGGTTCGATTCCTATTATTCTAG 
Pontoporia blainvillei trnQ        TAGGGTATGGTGTTA---TATGGTAGCACGGAGAATTTTGAATTCTCAGGGGTAGGTTCGATTCCTATTATTCTAG 
Monodon monoceros trnQ             TAGATTATAGTGTGA---TACGGTAGCACGGAGAATTTTGAATTCTTAAGGATAGGTTCAATTCCTATTGTTCTAG 
**Neophocaena asiaeorientalis trnQ TAGATTATGGTGTGA---TGTGGTAGCACGGGGAATTTTGAATTCTCAGGAGTAGGTTCGATTCCTATTATTCTAG 
Neophocaena phocaenoides trnQ      TAGATTATGGTGTGA---TGTGGTAGCACGGGGAATTTTGAATTCTCAGGAGTAGGTTCGATTCCTATTATTCTAG 
Phocoena phocoena trnQ             TAGATTATGGTGTGA---TATGGTAGCACGGAGAATTTTGAATTCTCAGGGGTAGGTTCGATTCCTATTATTCTAG 
Cephalorhynchus heavisidii trnQ    TAGATTATGGTGTAG---TGTGGTAGCACGGAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Sousa chinensis trnQ               TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGACTCCTATTGTTCTAG 
Stenella attenuata trnQ            TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Tursiops australis trnQ            TAGATTATGGTGTAG---TGTGGTAGCACTAAGAATTTTGAATTCTTAAGGGTAGGTTCGACTCCTATTATTCTAG 
Tursiops truncatus trnQ            TAGATTATGGTGTAG---TGTGGTAGCACAAAGAATTTTGAATTCTTAAGGGTAGGTTCGACTCCTATTGTTCTAG 
Tursiops aduncus trnQ              TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Delphinus capensis trnQ            TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Stenella coeruleoalba trnQ         TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Orcaella brevirostris trnQ         TAGATTATGGTGTAG---TGTGGTAGCACAAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Orcaella heinsohni trnQ            TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Grampus griseus trnQ               TAGATTATGGTGTAG---CGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Pseudorca crassidens trnQ          TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAGGGGTAGGTTCGATTCCTATTGTTCTAG 
Feresa attenuata trnQ              TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Peponocephala electra trnQ         TAGATTATGGTGTAG---TGTGGTAGCACGAAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Globicephala macrorhynchus trnQ    TAGATTATGGTGTAG---TGTGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Globicephala melas trnQ            TAGATTATGGTGTAG---TGTGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTGTTCTAG 
Lagenorhynchus albirostris trnQ    TAGATTATGGTGTAG---TGTGGTAGCACGAAGAACTTTGAATTCTTAAGGGTAGGTTCGATTCCTATTATTCTAG 
Orcinus orca WNPTRU1 trnQ          TAGACTATGGTGTGG---TGTGGTAGCACGGAGAATTTTGAATTCTTAGGGGTAGGTTCGATTCCTACTATTCTAG 
Orcinus orca AntA1 trnQ            TAGACTATGGTGTGG---TGTGGTAGCACGGAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTACTATTCTAG 
Orcinus orca AntB1 trnQ            TAGACTATGGTGTGG---TGTGGTAGCACGGAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTACTATTCTAG 
Orcinus orca AntC1 trnQ            TAGACTATGGTGTGG---TGTGGTAGCACGGAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTACTATTCTAG 
Orcinus orca ENAHN1 trnQ           TAGACTATGGTGTGG---TGTGGTAGCACGGAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTACTATTCTAG 
Orcinus orca CNPNRAL trnQ          TAGACTATGGTGTGG---TGTGGTAGCACGGAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTACTATTCTAG 
Orcinus orca ENPOAL2 trnQ          TAGACTATGGTGTGG---TGTGGTAGCACGGAGAATTTTGAATTCTTAAGGGTAGGTTCGATTCCTACTATTCTAG 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnR           TGATAATTAGTTTAAAC-TAAAATAAATGATTTCGACTCATTAGACTATGATT-T-ACTTCATAATTATCAA 
Equus caballus trnR                TGGTAATTAGTTTAAAC-CAAAACAAATGATTTCGACTCATTAAACTATGATT--AACTTCATAATTACCAA 
Pecari tajacu trnR                 TGATAATTAGTTTAAG--TAAAATAAATGATTTCGACTCATTAGACTATGATT-C-ATCTCATAATTATCAT 
Phacochoerus africanus trnR        TGATAATTAGTTTAAAA-CAAAACAAATGATTTCGACTCATTAGACTATGATT-T-ACTTCATAATTATCAA 
Potamochoerus porcus trnR          TGATAATTAGTTTAAAA-CAAAACAAATGATTTCGACTCATTAGACTATGATT-T-ATCTCATAATTATCAA 
Sus scrofa trnR                    TGATAATTAGTTTAAAA-CAAAACAAATGATTTCGACTCATTAGACTATGATT-T-ACTTCATAATTATCAA 
Camelus bactrianus trnR            TGGTAGTTAGTTTAAA--CAAAATTAATGATTTCGACTCATTAGATTATGATT--AACTTCATAACTACCAA 
Camelus dromedarius trnR           TGGTAGTTAGTTTAAA--CAAAATTATTGATTTCGACTCATTAGATTATGATT--AACCTCATAACTACCAA 
Lama guanicoe trnR                 TGATAATTAGTTTAAA--TAAAATTAATGATTTCGACTCATTAGATTATGATT--AAGTTCATAATTATCAA 
Vicugna pacos trnR                 TGATAATTAGTTTAAA--TAAAATTAATGATTTCGACTCATTAGATTATGATT--AAGTTCATAATTATCAA 
Hyemoschus aquaticus trnR          TGGTATTTAGTTTAAA-—CAAAATAAATGATTTCGACTCATTAGATTATGATT--AAGTTCATAACTACCAA 
Tragulus kanchil trnR              TGGTACTTAGTTTAAA--CAAAACAAATGATTTCGACTCATTAGATTATGATT--AAGCTCATAACTACCAA 
Giraffa camelopardalis trnR        TGGTAATTAGTTTAAGC-AAAAATAAATGATTTCGACTCATTAGATTATGATC--AAATTCATAATTACCAA 
Okapia johnstoni trnR              TGGTAATTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGACTATGACT--AAACTCATAATTACCAA 
Antilocapra americana trnR         TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGACTATGATT--AAATTCATAATTACCAA 
Moschus moschiferus trnR           TGGTACTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTATGATC--AAGTTCATAATTACCAA 
Muntiacus muntjak trnR             TGGTATGTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTATGATT-T-AATTCATAATTACCAA 
Capreolus capreolus trnR           TGGTACTTAGTTTAAAG-AAAAACAAATGATTTCGACTCATTAGATTATGATT---ACCTCATAATTACCAA 
Alces alces trnR                   TGGTACTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTATGATT--AAATTCATAATTACCAA 
Cervus elaphus trnR                TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGATTGTGATT--AAATTCATAATTACCAA 
Dama dama trnR                     TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGATTATGATT--AAATTCATAACTACCAA 
Boselaphus tragocamelus trnR       TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGATTATGATT--AAACTCATAATTACCAA 
Tragelaphus oryx trnR              TGGTACTTAGTTTAAAA-TAAAATGAATGATTTCGACTCATTAGATTATGATT-TAAACTCATAATTACCAA 
Bos taurus trnR                    TGGTACTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTATGATT-T-AATTCATAATTACCAA 
Bubalus bubalis trnR               TGGTATTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTATGATC--AAACTCATAACTACCAA 
Syncerus caffer trnR               TGGTACTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTGTGATT--AAACTCATAATTACCAA 
Neotragus moschatus trnR           TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGATTATGATC--AAATTCATAATTACCAA 
Alcelaphus buselaphus trnR         TGGTATTTAGTTTAAAG-CAAAATAAATGATTTCGACTCATTAGATTATGATC--AAACTCATAATTACCAA 
Oryx gazella trnR                  TGGTACTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTATGATT--AAACTCATAATTACCAA 
Pantholops hodgsonii trnR          TGGTATTTAGTTTAAGA-CAAAATAAATGATTTCGACTCATTAGATTATGATT--AAACTCATAACTACCAA 
Ovibos moschatus trnR              TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGATTATGATT--AAACTCATAATTACCAT 
Capra hircus trnR                  TGGTATTTAGTTTAAAA-CAAAATAAGTGATTTCGACTCATTAGATTATGATT--AAACTCATAATTACCAA 
Ovis aries trnR                    TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGATTATGATT--AAGCTCATAACTACCAA 
Cephalophus natalensis trnR        TGGTATTTAGTTTAAAA-CAAAATAAATGATTTCGACTCATTAGATTATGATC--AAACTCATAATTACCAA 
Redunca fulvorufula trnR           TGGTATTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTGTGATT--AAGCTCATAATTACCAA 
Ourebia ourebi trnR                TGGTATTTAGTTTAAAAATAAAATAAATGATTTCGACTCATTAGATTATGATC-T-AATTCATAACTACCAA 
Antilope cervicapra trnR           TGGTACTTAGTTTAAAA-TAAAATAAATGATTTCGACTCATTAGATTATGATT-T-AACTCATAATTACCAA 
Gazella gazella trnR               TGGTATTTAGTTTAAA--TAAAATAAATGATTTCGACTCATTAGATTATGATT-T-AACTCATAATTACCAA 
Procapra gutturosa trnR            TGGTAATTAGTTTAAAA-TAAAACAAATGATTTCGACTCATTAGATTATGACT-C-AATTCATAATTACCAT 
Raphicerus campestris trnR         TGGTACTTAGTTTAAC--TAAAATAAATGATTTCGACTCATTAGATTATGATT--AAACTCATAATTACCAA 
Hexaprotodon liberiensis trnR      TGGTATTTAGTTTAAAA-CAAAACAAATGATTTCGACTCATTAAATTATGAAT-C-AACCCGTAAATACCAA 
Hippopotamus amphibius trnR        TGGTATTTAGTTTAAAA-CAAAACAAATGATTTCGACTCATTAAATTATGAAC-C-AACTCATAAATACCAA 
Eubalaena australis trnR           TGGTATTTAGTTTAAAA-CAAAACAAGTGATTTCGACCCACTAAACTGTGATT--AAACTCACAACTACCAA 
Eubalaena japonica trnR            TGGTATTTAGTTTAAAA-CAAAACAAGTGATTTCGACTCACTAAACTGTGATT--AAACTCACAACTACCAA 
Balaena mysticetus trnR            TGGTATTTAGTTTAAAA-CAAAACAAGTGATTTCGACTCACTAAACTGTGATC--AAACTCACAACTACCAA 
Caperea marginata trnR             TGGTATTTAGTTTAAAA-CAAAACAAGTGATTTCGACTCACTAAATTGTGATC--AAACTTACAACTACCAA 
Eschrichtius robustus trnR         TGGCATTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGATC--AAATTCACAATTACCAA 
Balaenoptera acutorostrata trnR    TGGTATTTAGTTTAAAA-TAAAACAAGTGATTTCGACCCACTAGACTGTGACT--AGATTCACAATTACCAA 
Balaenoptera bonaerensis trnR      TGGTACTTAGTTTAAAA-TAAAACAAGTGATTTCGACCCACTAGACTGTGACT--AAATTCACAATTACCAA 
Balaenoptera physalus trnR         TGGTATTTAGTTTAAGA-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC--AAATTCACAATTACCAA 
Megaptera novaeangliae trnR        TGGTATTTAGTTTAAAA-CAAAACAAGTGATTTCGACCCACTAGACTGTGATC--AAATTCACAACTACCAA 
Balaenoptera musculus trnR         TGGTATTTAGTTTAAAA-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC--AAATTCACAACTACCAA 
Balaenoptera omurai trnR           TGGTATTTAGTTTAAAA--AAAACAAGTGATTTCGACCCACTAGACTGTGATC--AAATTCACAACTACCAA 
Balaenoptera borealis trnR         TGGTATTTAGTTTAAAA-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC--AAATTCACAATTACCAA 
Balaenoptera brydei trnR           TGGTATTTAGTTTAAGA-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC--AAATTCACAATTACCAA 
Balaenoptera edeni trnR            TGGTACTTAGTTTAAGA-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC--AAATTCACAATTACCAA 
Kogia breviceps trnR               TGGTACTTAGTTTAAAA-CAAAACAAGTGATTTCGACTCACTAGACTGTGATC--AAACTCACAAATACCAA 
Physeter macrocephalus trnR        TGGTACTTAGTTTAAAA-CAAAACAGGTGATTTCGACTCACTGGACTGTGATC--AAACTCACAAGTACCAA 
Platanista minor trnR              TGATACTTAGTTTAAAA-TAAAACAAGTGATTTCGACCCACTAAACTGTGACT-TAAGCCCACAAGTATCAA 
Ziphius cavirostris trnR           TGGTACTTAGTTTAAAA-TAAAATAAGTGATTTCGACTCACTAGACTGTGATC-CAAACTCACAACTACCAA 
Mesoplodon densirostris trnR       TGGTATTTAGTTTAAAC-TAAAATAAGTGATTTCGACTCACTAGACTGTGACCCAAAAATCACAAATACCAA 
Mesoplodon europaeus trnR          TGGTATTTAGTTTAAAC-CAAAATAAGTGATTTCGACTCACTAGATTGCGATC-CAAACTCACAAATACCAA 
**Mesoplodon grayi trnR            TGGTATTTAGTTTAAAA-CAAAATAAGTGATTTCGACTCACTAGACTGCGATC-CAAACTCACAAATACCAA 
Berardius bairdii trnR             TGGTACTTAGTTTAAAA-CAAAATAAGTGATTTCGACTCACTAGACTGTGATC-CAAACTCACAATTACCAA 
Hyperoodon ampullatus trnR         TGGTACTTAGTTTAAAA-CAAAACAAGTGATTTCGACTCACTAGACTGTGATC-C-AACTCACAAATACCAG 
Lipotes vexillifer trnR            TGGCACTTAGTTTAAAA--AAAACAAACGGTTTCGACCCGCTAGACTGCGATT-CAAGCTCGCAAGTACCAA 
Inia geoffrensis trnR              TGGTATTTAGTTTAAAA-TAAAATAAGTGATTTCGACCCACTCGACTGTGACA--AAACTCACAAATACCAA 
Pontoporia blainvillei trnR        TGGTACTTAGTTTAAAA-CAAAACAAGTGATTTCGACTCACTAGATTGCGATC-TAAACTCACAAATACCAA 
Monodon monoceros trnR             TGGCACTTAGTTTAAAA-TAAAATGAGTGATTTCGACCCACTAGACTGTGATT-TAAATTCACAAGTACCAA 
**Neophocaena asiaeorientalis trnR TGATACTTAGTTTAAAG-TAAAATAAGTGATTTCGACCCACTAGACTGTGATT-TAAATTCACAAGTACCAA 
Neophocaena phocaenoides trnR      TGATACTTAGTTTAAAG-TAAAATAAGTGATTTCGACCCACTAGACTGTGATT-TAAATTCACAAGTACCAA 
Phocoena phocoena trnR             TGGTACTTAGTTTAAGA-TAAAATAAGTGATTTCAACTCACTAGACTGTGATT-TAAACTCACAAGTACCAA 
Cephalorhynchus heavisidii trnR    TGGTACTTAGTTTAAAG-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC-TAAACTCACAAGTACCAA 
Sousa chinensis trnR               TGGTACTTAGTTTAAAG-TAAAACAAGTGGTTTCGACCCACTAGACTGTGATC-TAAACTCACAAGTACCAA 
Stenella attenuata trnR            TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGATC-TAAACTCACAAGTACCAA 
Tursiops australis trnR            TGGTGCTTAGTTTAAAG-TAAAACAAGTGATTTCGACCCACTAGATTATGATC-CAAACTCACAAGTACCAA 
Tursiops truncatus trnR            TGGTACTTAGTTTAAAG-TAAAACAAGTGGTTTCGACCCATTAGACTGTGATC-TAAACTCACAAGTACCAA 
Tursiops aduncus trnR              TGGTACTTAGTTTAAAG-TAAAATAAATGGTTTCGACCCATTAGACTGTGATC-TAAATTCACAAGTACCAA 
Delphinus capensis trnR            TGGTACTTAGTTTAAAG-TAAAATAAATGGTTTCGACCCATTAGACTGTGATC-TAAACTCACAAGTACCAA 
Stenella coeruleoalba trnR         TGGTACTTAGTTTAAAG-TAAAACAAGTGGTTTCGACCCATTAGACTGTGATC-CAAACTCACAAGCACCAA 
Orcaella brevirostris trnR         TGATACTTAGTTTAAAA-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC-CAAACTCACAAGTACCAA 
Orcaella heinsohni trnR            TGATACTTAGTTTAAAT-CAAAACAAGTGGTTTCGACCCACTAGACTGTGATC-CAAACTCACAAGTACCAA 
Grampus griseus trnR               TGATACTTAGTTTAAAG-TAAAACAAGTGGTTTCGACCCACTAGACTGTGATC-CAAACTCACAAGTACCAA 
Pseudorca crassidens trnR          TGGTACTTAGTTTAAAG-TAAAACAAGTGGTTTCGACCCACTGGACTGTGATC-CAAACTCACAAGTACCAG 
Feresa attenuata trnR              TGGTACTTAGTTTAAAA-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC-TAAACTCACAAGTACCAA 
Peponocephala electra trnR         TGGTACTTAGTTTAAAG-TAAAACAAGTGATTTCGACCCTCTAGACTGTGATC-TAAACTCACAAGTACCAA 
Globicephala macrorhynchus trnR    TGGTATTTAGTTTAAAG-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC-TAAACTCACAAATACCAA 
Globicephala melas trnR            TGGTATTTAGTTTAAAG-TAAAACAAGTGATTTCGACCCACTAGACTGTGATC-TAAACTCACAAATACCAA 
Lagenorhynchus albirostris trnR    TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGATTGTGACC-TAAGCTCACAAGTACCAA 
Orcinus orca WNPTRU1 trnR          TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGACC-TAAACCCACAAGTACCAA 
Orcinus orca AntA1 trnR            TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGACC-TAAACCCACAAGTACCAA 
Orcinus orca AntB1 trnR            TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGACC-TAAACCCACAAGTACCAA 
Orcinus orca AntC1 trnR            TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGACC-TAAACCCACAAGTACCAA 
Orcinus orca ENAHN1 trnR           TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGACC-TAAACCCACAAGTACCAA 
Orcinus orca CNPNRAL trnR          TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGACC-TAAACCCACAAGTACCAA 
Orcinus orca ENPOAL2 trnR          TGATACTTAGTTTAAAA-TAAAACAAGTGGTTTCGACCCACTAGACTGTGACC-TAAACCCACAAGTACCAA 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4(5) in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnS1           GAGAAAGAA-TGCAAGAACTGCTAACTCATG-CCCCCGTACT-TAACAG-TATGGCTCTCTCA 
Equus caballus trnS1                GAGAAAGTA-TGCAAGAACTGCTAATTCATGC-CCCCATGTC-CAACAAACATGGCTCTCTCA 
Pecari tajacu trnS1                 GAAAAAGTA-TGCAAGAACTGCTAACTCATGC-CCCCGCACC-TAACAG-TGCGGCTTTTTCA 
Phacochoerus africanus trnS1        GAAAAAGT-TTGCAAGAACTGCTAACTCATGC-TCCCACACC-TAAAAA-CGTGGCTTTTTCA 
Potamochoerus porcus trnS1          GAAAAAGT-CTGCAAGAACTGCTAACTCATGC-TTCCACACC-TAAAAA-TGTGGCTTTTTCA 
Sus scrofa trnS1                    GAAAAAGT-TTGCAAGAACTGCTAACTCATGC-TTCCACACT-TAAAAA-TGTGGCTTTTTCA 
Camelus bactrianus trnS1            GAAAAAGCG-TGCAAGAACTGCTAATTCATGC-TACCACACC-TAACAA-TGTGGCTTTTTCA 
Camelus dromedarius trnS1           GAAAAAGCA-TGCAAGAACTGCTAATTCATGC-TACCACACC-TAACAA-TGTGGCTTTTTCA 
Lama guanicoe trnS1                 GAAAAAGTA-TGCAAGAACTGCTAACTCATGC-CACCATGCC-TAACAG-CATGGCTTTTTCA 
Vicugna pacos trnS1                 GAAAAAGTA-TGCAAGAACTGCTAACTCATGC-CACCATGCC-TAACAG-CATGGCTTTTTCA 
Hyemoschus aquaticus trnS1          GAGAAAGC-TCGCAAGGACTGCTAATTCTATGCCTCCATGGC-TAATAC-CATGGCTTCCTCA 
Tragulus kanchil trnS1              GAAAAAGTA-TGCAAGAACTGCTAATTCTATGCTCCCACGAC-TAACAC-CGTGGCTCTTTCA 
Giraffa camelopardalis trnS1        GAAAAAGCG-CACAAGAACTGCTAACTCTGTA-TCCCGTGCC-TAACAG-CACGGCTTTTTCG 
Okapia johnstoni trnS1              GAAAAAGCA-TGCAAGAACTGCTAACTCTACA-TCCCGTGTC-TAACAA-CACGGCTTTTTCA 
Antilocapra americana trnS1         GAAAAAGTA-TGCAAGAACTGCTAACTCTATGCCCCCATGCC-TAACAA-CATGGCTTTTTCG 
Moschus moschiferus trnS1           GAAAAAGTA-CACAAGAACTGCTAATTCTATGTCCCCATGTC-TAACAA-CATGGCTTTTTCA 
Muntiacus muntjak trnS1             GAAAAAGTT-CATAGGAACTGCTAATTCCTATAACCCGTGTA-TAATAA-CACGGCTTTTTCG 
Capreolus capreolus trnS1           GAAAAAGTA-TGCAAGAACTGCTAACTCTATGCTCCCATATC-TAACAA-TATGGCTTTTTCG 
Alces alces trnS1                   GAAAAAGCA-CGCAAGAACTGCTAATTCTATGCCTCCATGTA-TAACAA-CATGGCTTTTTCG 
Cervus elaphus trnS1                GAAAAAGTA-CGCAAGAACTGCTAACTCTATGCCCCCGTGTA-TAATAA-CACGGCTTTTTCG 
Dama dama trnS1                     GAAAAAGTA-TGCAAGAACTGCTAACTCTTATGCCCCCGTGCATAATAG-CACGGCTTTTTCG 
Boselaphus tragocamelus trnS1       GAAAAAGTA-TGCAAGAACTGCTAACTCTATGCCCCCATGCC-TAACAA-CATGGCTTTTTCA 
Tragelaphus oryx trnS1              GAAAAAGTA-TGCAAGAACTGCTAATTCTATG-CCCCATGCC-TAACAA-CATGGCTTTTTCA 
Bos taurus trnS1                    GAAAAAGTA-TGCAAGAACTGCTAATTCTATGCTCCCATATC-TAATAG-TATGGCTTTTTCG 
Bubalus bubalis trnS1               GAAAAAGCA-CGCAAGAACTGCTAATTCTATGCCCCCATGCC-TAACAG-TATGGCTTTTTCA 
Syncerus caffer trnS1               GAAAAAGTA-CGCAAGAACTGCTAATTCTATGCCCCCATACC-TAACAG-TATGGCTTTTTCA 
Neotragus moschatus trnS1           GAAAAAGTA-TGCAAGAACTGCTAATTCTATGCCCCCATGCT-TAACAA-CATGGCTTTTTCA 
Alcelaphus buselaphus trnS1         GAAAAAGTA-TGCAAGAACTGCTAATTCTACGCCCCCATGTC-TAACAA-CATGGCTTTTTCA 
Oryx gazella trnS1                  GAAAAAGTA-CGCAAGAACTGCTAATTCTATGCCCCCATGCC-TAACAA-CATGGCTTTTTCA 
Pantholops hodgsonii trnS1          GAAAAAGCA-TGCAAGAACTGCTAATTCTATGCTCCCGTGTT-TAACAA-CACGGCTTTTTCG 
Ovibos moschatus trnS1              GAAAAAGAA-TGCAAGAACTGCTAATTCCACGCCCCCATGTC-TAACAA-CATGGCTTTTTCA 
Capra hircus trnS1                  GAAAAAGTA-TGCAAGAACTGCTAACTCTATGCTTCCATGTC-TAACAA-CATGGCTTTTTCA 
Ovis aries trnS1                    GAAAAAGTA-TGCAAGAACTGCTAATTCTATGCCCCCATGTC-TAATAG-CATGGCTTTTTCA 
Cephalophus natalensis trnS1        GAAAAAGTA-TACAAGAACTGCTAACTCTATGTCCCCATGCC-TAACAA-CATGGCTTTTTCA 
Redunca fulvorufula trnS1           GAAAAAGCA-TGCAAGAACTGCTAACTCTATG-CCCCATGTC-TAACAA-CATGGCTTTTTCA 
Ourebia ourebi trnS1                GAAAAAGTA-CGCAAGAACTGCTAATTCTTACGCCCCGTGTC-TGACAA-CATGGCTTTTTCA 
Antilope cervicapra trnS1           GAAAAAGTA-TGCAAGAACTGCTAACTCTGTGCCCCCGTGTC-TAACAA-CACGGCTTTTTCA 
Gazella gazella trnS1               GAAAAAGTA-TGCAAGAACTGCTAACTCTATGCCTCCATGTC-TAACAG-CATGGCTTTTTCA 
Procapra gutturosa trnS1            GAAAAAGTA-TGCAAGAACTGCTAACTCTATGCCTCCATGTT-TAACAA-CATGGCTTTTTCA 
Raphicerus campestris trnS1         GAAAAAGTACTGCAAGAACTGCTAATTCTATGCTTCCATGTT-TAACAA-CATGGCTTTTTTA 
Hexaprotodon liberiensis trnS1      GAGAAAGCA-TGCAAGAACTGCTAATTCATGC-CCCCATATC-TAACAA-TATGGCTTTCCCA 
Hippopotamus amphibius trnS1        GAGAAAGCA-TGCAAGAACTGCTAATTCATGC-CCCCATATC-TAACAA-TATGGCTTTCCCA 
Eubalaena australis trnS1           GAAAAAGTATTGCAAGAACTGCTAACTCATGC-TCCCACACC-TAACAGCTGTGGCTTTTTCA 
Eubalaena japonica trnS1            GAAAAAGTATTGCAAGAACTGCTAACTCATGC-TCCCACACC-TAACAGCTGTGGCTTTTTCA 
Balaena mysticetus trnS1            GAAAAAGCATTGCAAGAACTGCTAACTCATGC-TCCCACACC-TAACAACTGTGGCTTTTTCA 
Caperea marginata trnS1             GAAAAAGTATTGCAAGAACTGCTAATTCATGC-TCCCACACT-TAACAGTTGTGGCTTTTTCA 
Eschrichtius robustus trnS1         GAAAAAGTATCGCAAGAACTGCTAACTCATGC-CCCCACACC-TGATAACTGTGGCTTTTTCA 
Balaenoptera acutorostrata trnS1    GAAAAAGTACCGCAAGAACTGCTAATTCATGC-TCCCACACC-TAACAACTGTGGCTTTTTCT 
Balaenoptera bonaerensis trnS1      GAAAAAGTACCGCAAGAACTGCTAATTCATGC-TCCCACACC-TAACAACTGTGGCTTTTTCA 
Balaenoptera physalus trnS1         GAAAAAGTACTGCAAGAACTGCTAATTCATGC-TCCCACACC-TAACAGCTGTGGCTTTTTCA 
Megaptera novaeangliae trnS1        GAAAAAGTATTGCAAGAACTGCTAACTCATGC-TCCCACACC-TGACAACTGTGGCTTTTTCA 
Balaenoptera musculus trnS1         GAAAAAGTATCGCAAGAACTGCTAACTCATGC-TCCCACACC-TAACAGCTGTGGCTTTTTCA 
Balaenoptera omurai trnS1           GAAAAAGTACTGCAAGAACTGCTAATTCATGC-TCCCACACC-TAACAGCTGTGGCTTTTTCA 
Balaenoptera borealis trnS1         GAAAAAGTATAGCAAGAACTGCTAACTCATGC-TTCCACACC-TAACAGCTGTGGCTTTTTCA 
Balaenoptera brydei trnS1           GAAAAAGTACAGCAAGAACTGCTAATTCATGC-TTCCACACC-TAACAACTGTGGCTCTTTCA 
Balaenoptera edeni trnS1            GAAAAAGTATAGCAAGAACTGCTAATTCATGC-TTCCACACC-TAACAGCTGTGGCTTTTTCA 
Kogia breviceps trnS1               GAGAAAGTACCGCAAGAACTGCTAATTCCCGC-CTCCATGCC-TAATAG-CATGGCTTTCTTA 
Physeter macrocephalus trnS1        GAAAAAGTACTGCAAGAACTGCTAACTCACGC-TTCCATATC-TAACAA-TATGGCTTTTTCA 
Platanista minor trnS1              GAAAAAGTACTGCAAGAACTGCTAACTCATGC-TTCCATGCC-TAATAG-CATGGCTTTTTCA 
Ziphius cavirostris trnS1           GAAAAAGTACTGCAAGAACTGCTAATTCATGC-TCCCACACC-TAACA-CCGTGGCTTTTTCA 
Mesoplodon densirostris trnS1       GAAAAAGTACTGCAAGAACTGCTAACTCATGC-TTCCACACC-TAATA-CTGTGGCTTTTTCA 
Mesoplodon europaeus trnS1          GAAAAAGTACTGCAAGAACTGCTAACTCATGC-TCCCACACC-TAACA-CTGTGGCTTTTTCA 
**Mesoplodon grayi trnS1            GAAAAAGTACTGCAAGAACTGCTAACTCATGC-TCCCACATC-TAACA-CTGTGGCTTTTTCA 
Berardius bairdii trnS1             GAAAAAGTACTGCGAGAGCTGCTAACTCACGC-TCCCACACC-TAACAA-TGTGGCTTTTTCA 
Hyperoodon ampullatus trnS1         GAAAAAGTACCGCAAGAACTGCTAACTCATGC-TCCCACACC-TAACA-CTGTGGCTTTTTCA 
Lipotes vexillifer trnS1            GAAAAAGTAATGCAAGAACTGCTAACTCATGT-TACCACACC-TAATAG-TGTGGCTTTTTCA 
Inia geoffrensis trnS1              GAAAAAGCACTGCAAGAACTGCTAATTCATGCTTCCCACACC-TAATAG-TGTGGCTTTTTCA 
Pontoporia blainvillei trnS1        GAAAAAGTATCGCAAGAACTGCTAACTCCTGCTTCCCATACT-TAACAG-TATGGCTTTTTCA 
Monodon monoceros trnS1             GAAAAAGTATTGCAAGAACTGCTAATTCATGCCCCCCAC-C--TAATAA-TGTGGCTTTTTCA 
**Neophocaena_asiaeorientalis trnS1 GAAAAAGTACTGCAAGAACTGCTAATTCATGCCACCCACACC-TAACAA-TGTGGCTTTTTCA 
Neophocaena phocaenoides trnS1      GAAAAAGTACTGCAAGAACTGCTAATTCATGCCACCCACACC-TAACAA-TGTGGCTTTTTCA 
Phocoena phocoena trnS1             GAAAAAGTACTGCAAGAACTGCTAATTCATGCTCTCCACACC-TAACAA-TGTGGCTTTTTCG 
Cephalorhynchus heavisidii trnS1    GAAAAAGAATTGCAAGAACTGCTAATTCATGCACCCCACACT-TAACAA-TGTGGCTTTTTCA 
Sousa chinensis trnS1               GAAAAAGAATTGCAAGAACTGCTAATTCATGTGTTCCACACT-TAACAA-TGTGGCTTTTTCA 
Stenella attenuata trnS1            GAAAAAGAACTGCAAGAACTGCTAATTCATGCGTTCCACACT-TAACAA-TGTGGCTTTTTCA 
Tursiops australis trnS1            GAAAAAGAATTGCAAGAACTGCTAATTCGTGCGTTCCACACT-TAACAA-TGTGGCTTTTTCA 
Tursiops truncatus trnS1            GAAAAAGAATTGCAAGAACTGCTAATTCATGCGTTCCACACT-TAACAA-TGTGGCTTTTTCA 
Tursiops aduncus trnS1              GAAAAAGAATTGCAAGAACTGCTAATTCATGCGTTCCGCACT-TAACAA-TGTGGCTTTTTCA 
Delphinus capensis trnS1            GAAAAAGAATTGCAAGAACTGCTAATTCATGCGTTCCACACT-TAACAA-TGTGGCTTTTTCA 
Stenella coeruleoalba trnS1         GAAAAAGAATTGCAAGAACTGCTAATTCATGCGTTCCGCACT-TAACAA-TGTGGCTTTTTCA 
Orcaella brevirostris trnS1         GAAAAAGAATTGCAAGAACTGCTAATTCATGCGCCCCATACT-TAATAA-TATGGCTTTTTCA 
Orcaella heinsohni trnS1            GAAAAAGAATTGCAAGAACTGCTAATTCATGCACTCCATACT-TAACAA-TGTGGCTTTTTCA 
Grampus griseus trnS1               GAAAAAGAATTGCAAGAACTGCTAATTCATGCGCTCCACACT-TAACAA-TGCGGCTTTTTCA 
Pseudorca crassidens trnS1          GAAAAAGAATTGCAAGAACTGCTAATTCATGCACCCCACACT-TAACAA-TGTGGCTTTTTCA 
Feresa attenuata trnS1              GAAAAAGAACTGCAAGAACTGCTAATTCATGCACTCCACACT-TAACAA-TGTGGCTTTTTCA 
Peponocephala electra trnS1         GAAAAAGAATTGCAAGAACTGCTAATTCATGTGCTCCACACT-TAACAA-TGTGGCTTTTTCA 
Globicephala macrorhynchus trnS1    GAAAAAGAACTGCAAGAACTGCTAATTCATGCCCTCCACACT-TAACAA-TGTGGCTTTTTCA 
Globicephala melas trnS1            GAAAAAGAACTGCAAGAACTGCTAATTCATGCCCTCCACACT-CAACAA-TGTGGCTTTTTCA 
Lagenorhynchus albirostris trnS1    GGAAAAGAATTGCAAGAACTGCTAATTCATGCGCTCCACACC-TAACAA-TGTGGCTTTTTCA 
Orcinus orca WNPTRU1 trnS1          GAAAAAGAACTACAAGAACTGCTAATTCATGTGCTCCACACC-TAACAA-TGTGGCTTTTTCA 
Orcinus orca AntA1 trnS1            GAAAAAGAACTACAAGAACTGCTAATTCATGTGCTCCACACC-TAACAA-TGTGGCTTTTTCG 
Orcinus orca AntB1 trnS1            GAAAAAGAACTACAAGAACTGCTAATTCATGTGCTCCACACC-TAACAA-TGTGGCTTTTTCA 
Orcinus orca AntC1 trnS1            GAAAAAGAACTACAAGAACTGCTAACTCATGTGCTCCACACC-TAACAA-TGTGGCTTTTTCA 
Orcinus orca ENAHN1 trnS1           GAAAAAGAACTACAAGAACTGCTAATTCATGTGCTCCACACC-TAACAA-TGTGGCTTTTTCA 
Orcinus orca CNPNRAL trnS1          GAAAAAGAACTACAAGAACTGCTAATTCATGTGCTCCACACC-TAACAA-TGTGGCTTTTTCA 
Orcinus orca ENPOAL2 trnS1          GAAAAAGAACTACAAGAACTGCTAATTCATGTGCTCCACACC-TAACAA-TGTGGCTTTTTCA 
                                                  *             *                                   
                                    1234567     012345  ant  543210    12345          543217654321d 
                                    0000000     111111  222  222233    33334          5555555556666 
                                    1234567     345678  123  678901    67890          1234567890123 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; XX position (0)1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnS2 [SER (S2, UCN)] multiple alignment 
 
                                            10        20        30        40        50        60        70 
                                             |         |         |         |         |         |         | 
                                    1234567 1234     4321 012345  ant  543210    12345       543217654321d 
                                                          *                 *                              
Ceratotherium simum trnS2           GAGAAAGACATAAAGGCTATGATATTGGCTTGAAACCAGTTA-GAGGGGGTTCGATTCCTTCCTTTCTTA 
Equus caballus trnS2                GAGAAAGACATAGTGGTTATGATATTGGCTTGAAACCAGTTA-GAGGGGGTTCGATTCCTTCCTTTCTTA 
Pecari tajacu trnS2                 GAGAAAGACATAGAGGCTGTGGCGTTGGCTTGAAACCAGTGG-AAGAGGGTTCGATTCCTTCCTTTCTTA 
Phacochoerus africanus trnS2        GAGAAAGACATAGTGGCTATGACGTTGGCTTGAAACCAGTGA-GAGAGGGTTCGATTCCTTCCTTTCTTA 
Potamochoerus porcus trnS2          GAGAAAGACATAGTGGCTATGGCGTTGGCTTGAAACCAGTGA-AAGAGGGTTCGATTCCTTCCTTTCTTG 
Sus scrofa trnS2                    GAGAAAGACATAGTGGTTATGACGTTGGCTTGAAACCAGTGG-GAGAGGGTTCGATTCCTTCCTTTCTTA 
Camelus bactrianus trnS2            GAGAAAGTTATAGTGGCTATAGGGTTGGCTTGAAACCAATTA-AAGAGGGTTCGATTCCTTCCTTTCTTA 
Camelus dromedarius trnS2           GAGAAAGTTATAGTGGCTATAGGGTTGGCTTGAAACCAATTA-AAGAGGGTTCGATTCCTTCCTTTCTTA 
Lama guanicoe trnS2                 GAGAAAGTCATAGTGGCTATGGGGTTGGCTTGAAACCAATTA-GAGAGGGTTCGATTCCTTCCTTTCTTA 
Vicugna pacos trnS2                 GAGAAAGTCATAGTGGCTATGGGGTTGGCTTGAAACCAATTA-GAGAGGGTTCGATTCCTTCCTTTCTTA 
Hyemoschus aquaticus trnS2          GAGAAAGATATAGTGGCTATAATGTTGGCTTGAAACCGATAG-TTGGGGGTTCGATTCCTTCCTTTCTTA 
Tragulus kanchil trnS2              GAGAAAGATACAGTGGCTGTGGTGTTGGCTTGAAACCAATAG-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Giraffa camelopardalis trnS2        GAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAG-TAGGGGGTTCAATTCCTTCCTTTCTTA 
Okapia johnstoni trnS2              GAGAAAGATATAGTGGTTATAGTGTTGGCTTGAAACCAGTAA-TAGAGGGTTCGATTCCTTCCTTTCTTA 
Antilocapra americana trnS2         GAGAAAGACATAGTGGCTATGATATTGGCTTGAAACCAATTG-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Moschus moschiferus trnS2           GAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCAGTAA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Muntiacus muntjak trnS2             GAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAGCTA-TGGAGGGTTCGATTCCTTCCTTTCTTA 
Capreolus capreolus trnS2           AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAGCTA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Alces alces trnS2                   GAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCAGCTA-TGGGGGGTTCGATTCCTTCCTTTCTTA 
Cervus elaphus trnS2                GAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAGCTA-TGGGGGGTTCGATTCCTTCCTTTCTTA 
Dama dama trnS2                     GAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAGCTA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Boselaphus tragocamelus trnS2       GAGAGAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAG-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Tragelaphus oryx trnS2              GAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Bos taurus trnS2                    GAGAGAGACATAGAGGTTATGATGTTGGCTTGAAACCAATAG-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Bubalus bubalis trnS2               GAGAGAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAA-CAGGGGGTTCGATTCCTTCCTTTCTTA 
Syncerus caffer trnS2               GAGAGAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAG-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Neotragus moschatus trnS2           GAGAGAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAGTTGGGGGGTTCGATTCCTTCCTCTCTTA 
Alcelaphus buselaphus trnS2         GAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATAA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Oryx gazella trnS2                  GAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATTA-TAGGGGGTTCGACTCCTTCCTTTCTTA 
Pantholops hodgsonii trnS2          GAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATAA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Ovibos moschatus trnS2              GAGAGAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATGG-CAGGGGGTTCGATTCCTTCCTTTCTTA 
Capra hircus trnS2                  GAGAGAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATAA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Ovis aries trnS2                    GAGAGAGTCATAGTGGCTATGGTGTTGGCTTGAAACCAATAA-TAGGAGGTTCGATTCCTTCCTTTCTTA 
Cephalophus natalensis trnS2        GAGAGAGTCATAGTGGTTATGGTGTTGGCTTGAAACCAATAA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Redunca fulvorufula trnS2           GAGAAAGACATGATGGTTATGGTGTTGGCTTGAAACCAATAA-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Ourebia ourebi trnS2                GAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATTT-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Antilope cervicapra trnS2           AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAA-CAGAGGGTTCGATTCCTTCCTTTCTTA 
Gazella gazella trnS2               AAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATAG-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Procapra gutturosa trnS2            GAGAGAGACATAATGGTTATGGTGTTGGCTTGAAACCAATAG-TAGGGGGTTCGATTCCTTCCTTTCTTA 
Raphicerus campestris trnS2         GAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACTAATGT-TAGAGGGTTCGATTCCTTCCTTTCTTA 
Hippopotamus amphibius trnS2        GAGAGAGACATAGTGGTTATGATGTTGGCTTGAAACCAACAG-GAGGAGGTTCGATTCCTTCCTCTCTTG 
Hexaprotodon liberiensis trnS2      GAGAGAGACATAGTGGTTATGATGTTGGCTTGAAACCAACAG-GAGGAGGTTCGATTCCTTCCTCTCTTG 
Eubalaena australis trnS2           AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Eubalaena japonica trnS2            AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaena mysticetus trnS2            AAGAAAGACATAATGGTTATGATATTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Caperea marginata trnS2             AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Eschrichtius robustus trnS2         AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera acutorostrata trnS2    AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera bonaerensis trnS2      AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATAG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera physalus trnS2         AAGAAAGACATAGTAATTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Megaptera novaeangliae trnS2        AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera musculus trnS2         AAGAAAGACATAGTGGTTATGATATTGGCTTGAAACCAATGG-GAGAAGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera omurai trnS2           AAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATAG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera borealis trnS2         AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera brydei trnS2           AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Balaenoptera edeni trnS2            AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATGG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Kogia breviceps trnS2               AAGAAAGTCATAGTGGTTATGGTGTTGGCTTGAAACCAACTA-AAGGAGGTTCGATTCCTTCCTTTCTTG 
Physeter macrocephalus trnS2        AAGAGAGACATAAAGGTTATGATGTTGGCTTGAAACCAGCTA-GAGAGGGTTCGAGTCCTTCCTTTCTTG 
Platanista minor trnS2              AAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATTT-TAGGGGGTTCGAATCCTTCCTTTCTTG 
Ziphius cavirostris trnS2           AAGAAAGACATAATGGTTATGGTGTTGGCTTGAAACCGATTA-TAGAAGGTTCGATTCCTTCCTTTCTTG 
Mesoplodon densirostris trnS2       AAGAAAGACATAATGGTTATGGTGTTGGCTTGAAACCAATTA-TAGGAGGTTCGATCCCTTCCTTTCTTG 
Mesoplodon europaeus trnS2          AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCGATTA-TAGGAGGTTCGATTCCTTCCTTTCTTG 
**Mesoplodon grayi trnS2            AAGAAAGACATAATGGTTATGGTGTTGGCTTGAAACCGATTA-TAGGGGGTTCGATTCCTTCCTTTCTTG 
Berardius bairdii trnS2             AAGAAAGACATAGTGGTTATGGTATTGGCTTGAAACCAGTTA-CAGGGGGTTCGATTCCTTCCTTTCTTG 
Hyperoodon ampullatus trnS2         AAGAAAGACATAATGGTTATGGTGTTGGCTTGAAACCAATTA-TAGGGGGTTCGATTCCTTCCTTTCTTG 
Lipotes vexillifer trnS2            AAGAAAGACATAGTGGTTATGGTGTTGGCTTGAAACCAATTG-GAGAGGGTTCGATTCCTTCCTTTCTTG 
Inia geoffrensis trnS2              AAGAAAGACATATTGGTTATGGTGTTGGCTTGAAACCAATTG-AAGAGGGTTCGATTCCTTCCTTTCTTG 
Pontoporia blainvillei trnS2        AAGAGAGACATGTTGGTTATGGGGTTGGCTTGAAACCAATTA-GAGAAGGTTCGATTCCTTCCTTTCTTG 
Monodon monoceros trnS2             AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCAATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
**Neophocaena asiaeorientalis trnS2 AAGAAAGACATAGTGATTATGGTGTTGGCTTGAAACCAATTA-GAGAGGGTTCAATTCCTTCCTTTCTTG 
Neophocaena phocaenoides trnS2      AAGAAAGACATAAAGGTTATGCTGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Phocoena phocoena trnS2             AAGAAAGACATAAAGGTTATGCTGTTGGCTTGAAACCGACTA-GAGAGGGTTCGACTCCTTCCTTTCTTG 
Cephalorhynchus heavisidii trnS2    AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Sousa chinensis trnS2               AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGAGGTTCGATTCCTTCCTTTCTTG 
Stenella attenuata trnS2            AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Tursiops australis trnS2            AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCAATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Tursiops truncatus trnS2            AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Tursiops aduncus trnS2              AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Delphinus capensis trnS2            AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Stenella coeruleoalba trnS2         AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcaella brevirostris trnS2         AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcaella heinsohni trnS2            AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Grampus griseus trnS2               AAGAAAGACATAATGGTTATGCTGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Pseudorca crassidens trnS2          AAGAAAGACATAGTGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Feresa attenuata trnS2              AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Peponocephala electra trnS2         AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Globicephala macrorhynchus trnS2    AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Globicephala melas trnS2            AAGAAAGACATAATGGTTATGATGTTGGCTTGAAACCAATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Lagenorhynchus albirostris trnS2    AAGAAAGACATAGTGGTTATGATATTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcinus orca WNPTRU1 trnS2          AAGAAAGACACAATGGCTGTGATATTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcinus orca AntA1 trnS2            AAGAAAGACACAATGGCTGTGATATTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcinus orca AntB1 trnS2            AAGAAAGACACAATGGCTGTGATATTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcinus orca AntC1 trnS2            AAGAAAGACACAATGGCTGTGATATTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcinus orca ENAHN1 trnS2           AAGAAAGACACAATGGCTGTGATATTGGCTTGAAACCGACTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcinus orca CNPNRAL trnS2          AAGAAAGACACAATGGCTGTGATATTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
Orcinus orca ENPOAL2 trnS2          AAGAAAGACACAATGGCTGTGATATTGGCTTGAAACCGATTA-GAGGGGGTTCGATTCCTTCCTTTCTTG 
                                                          *                 *                              
                                    1234567 1234     4321 012345  ant  543210    12345       543217654321d 
                                    0000000 9111     1122 222222  333  333344    44445       5566666666667 
                                    1234567 0012     8901 345678  123  678901    67890       8901234567890 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a taxon. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; XX position (0)1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnT (THR) multiple alignment 
 
                                           10        20        30        40        50        60        70      
                                            |         |         |         |         |         |         |      
                                   1234567  1234        4321 12345  ant  54321    1234            43217654321d 
                                        *                                                              *       
Ceratotherium simum trnT           GTCTTTGTAGTATATG---AATTACTCTGGTCTTGTAAACCAGAAAAGGAAAGC-A-CCAC-TTTCCCCAAGACT 
Equus caballus trnT                GTCCCTGTAGTATATCGCACATTACCCTGGTCTTGTAAACCAGAAAAGGGGGAAAACGTTT-CCTCCCAAGGACT 
Pecari tajacu trnT                 GTCTTAGTAGTATATTT--AAATACACTGGTCTTGTAAACCAAAGACGGAGGATAA--CTC-CCTCCCCAAGACT 
Phacochoerus africanus trnT        GTCTTTGTAGTATATA---AAATACCCTGGTCTTGTAAACCAGAAAAGGAGAAT----CACTCCTCCCCAAGACT 
Potamochoerus porcus trnT          GTCTTTGTAGTATATC---AAATACCCTGGTCTTGTAAACCAGAAAAGGAGAATGA--C-T-CCTCCCTAAGACT 
Sus scrofa trnT                    GTCTTCGTAGTATATA---AAATACCCTGGTCTTGTAAACCAGAAAAGGAGGGC----CACCCCTCCCCAAGACT 
Camelus bactrianus trnT            GTCTTTGTAGTATACT---GATTACGCTGGTCTTGTAAACCATAAAAGGAGAGCCA--CAC-TCTCCCTAAGACT 
Camelus dromedarius trnT           GTCTTTGTAGTATACT---GATTACACTGGTCTTGTAAACCATAGAAGGAGGGCCA--CAC-CCTCCCTAAGACT 
Lama guanicoe trnT                 GTCTTCGTAGTATATT---GATTACGCTGGTCTTGTAAGCCATCAAAGGAGAATCG--TAC-CCTCCCTAAGACT 
Vicugna pacos trnT                 GTCTTCGTAGTATATT---GATTACACTGGTCTTGTAAGCCATCAAAGGAGAATCG--TAC-CCTCCCTAAGACT 
Hyemoschus aquaticus trnT          GTCTTTGTAGTATATT---AATTACCCTGGTCTTGTAAACCAGAAAAGAAGTATAA-CTAAACCTTCCTAAGACT 
Tragulus kanchil trnT              GTCTTTGTAGTATATC---CATTACCCTGGTCTTGTAAACCAGAAAAGAAGTATCA-CTAACCCTTCCTAAGACT 
Giraffa camelopardalis trnT        GTCTTTGTAGTATACT---AAATACATTGGTCTTGTAAGCCAAAAAAGGAGTACAA-CCA-ATCTCCCTAAGACT 
Okapia johnstoni trnT              GTCTTTGTAGTACACT---AAATACGCTGGTCTTGTAAACCAGAAAAGGAGTACAA-CCA-ACCTCCCTAAGACT 
Antilocapra americana trnT         GTCTTTGTAGTATATT---AAATACGCTGGTCTTGTAAACCAGAAAAGGAGAACGA-CCAC-CCTCCCCAAGACT 
Moschus moschiferus trnT           GTCTTTGTAGTACATAT-ATAATACACTGGTCTTGTAAACCAGAAAAGGAGAACAA-CTA-ACCTCCCTAAGACT 
Muntiacus muntjak trnT             GTCTTTGTAGTATACT---CAATACACTGGTCTTGTAAACCAGAAAAGGAGAACAA-CCA-ACCTCCCTAAGACT 
Capreolus capreolus trnT           GTCTTTGTAGTAAATT---CAATACACTGGTCTTGTAAACCAGAAAAGGAGAACTA-CTA-ATCTCCCTAAGACT 
Alces alces trnT                   GTCTTTGTAGTACATT---TAATACACTGGTCTTGTAAACCAGAAAAGGAGTACAA-CCA-ACCTCCCTAAGACT 
Cervus elaphus trnT                GTCTTTGTAGTATACT---CAATACACTGGTCTTGTAAACCAGAAAAGGAGAGCAA-CTA-ACCTCCCTAAGACT 
Dama dama trnT                     GTCTTTGTAGTATACT---CAATACACTGGTCTTGTAAATCAGAAAAGGAGAACAA-TCA-ACCTCCCTAAGACT 
Boselaphus tragocamelus trnT       GTCTTTGTAGTATACT---AAATACACTGGTCTTGTAAACCAGAAAAGGAGAACAA-CCA-ACCTCCCCAAGACT 
Tragelaphus oryx trnT              GTCTTTGTAGTATATT---AAATACGCTGGTCTTGTAAACCAATAAAGGAGAACAA-CTA-ATCTCCCCAAGACT 
Bos taurus trnT                    GTCTTTGTAGTACATCT---AATATACTGGTCTTGTAAACCAGAGAAGGAGAACAA-CTA-ACCTCCCTAAGACT 
Bubalus bubalis trnT               GTCTTTGTAGTATATT---AAATACACTGGTCTTGTAAACCAGAAAAGGAGAACAA-CCA-ACCTCCCCAAGACT 
Syncerus caffer trnT               GTCTTTGTAGTATATT---AAATACACTGGTCTTGTAAACCAGAAAAGGAGAACAA-CCA-ACCTCCCCAAGACT 
Neotragus moschatus trnT           GTCTTCGTAGTATATGG---AATATACTGGTCTTGTAAACCAGAGAAGGAGAGTAA-TTG-TCCTCCCCAAGGCT 
Alcelaphus buselaphus trnT         GTCTCTGTAGTACATT---AAATATACTGGTCTTGTAAACCAGAGAAGGAGAACAA-CCA-ACCTCCCTGAGACT 
Oryx gazella trnT                  GTCTTTGTAGTATATTT---AATACATTGGTCTTGTAAACCAAAAAAGGAGAACAA-CCAACCCCCCCTAAGACT 
Pantholops hodgsonii trnT          GTCTTTGTAGTATAAT---AAATACCCTGGTCTTGTAAACCAGAGAAGGAGAACTCACTA-ACCTCCCTAAGACT 
Ovibos moschatus trnT              GTCTTTGTAGTACAAC---TAGTATACTGGTCTTGTAAACCAGAGAAGGAGAACAA-CCA-GCCTCCCCAAGACT 
Capra hircus trnT                  GTCTTTGTAGTACAAT---CAATACACTGGTCTTGTAAACCAGAAAAGGAGAATAG-CCA-ATCTCCCTAAGACT 
Ovis aries trnT                    GTCTTTGTAGTACAAT---CAATATACTGGTCTTGTAAACCAGAGAAGGAGAACAA-CCA-ACCTCCCTAAGACT 
Cephalophus natalensis trnT        GTCTTTGTAGTACATT---AAATACACTGGTCTTGTAAACCAGAAAAGGAGAACAA-CCA-ACCTCCCTAAGACT 
Redunca fulvorufula trnT           GTCTTTGTAGTATATT---AAATACACTGGTCTTGTAAACCAGAAAAGGAGCATAA-CAA-ACCTCCCTAAGACT 
Ourebia ourebi trnT                GTCTTTGTAGTACATT---TAATACACTGGTCTTGTAAACCAGAAAAGGAGAACAA-CTA-ACCTCCCTAAGACT 
Antilope cervicapra trnT           GTCTTTGTAGTACATT---AAATATACTGGTCTTGTAAACCAGAGAAGGAGAACAA-GCA-ACCTCCCTAAGACT 
Gazella gazella trnT               GTCTTTGTAGTACATT---TAGTATACTGGTCTTGTAAACCAGAGAAGGAGAACAA-GCA-ACCTCCCTAGGACT 
Procapra gutturosa trnT            GTCTTTGTAGTATATC---AAATACACTGGCCTTGTAAACCAGAAAAGGAGAACAAACCA-ACCTCCCTAAGACT 
Raphicerus campestris trnT         GTCTTTGTAGTACACT---AAGTATACTGGTCTTGTAAACCAGAGATGGAGAACAA---ATACCTCCCTGAGACT 
Hexaprotodon liberiensis trnT      GTCTCTGTAGTATATGG--CATTACCTCGGTCTTGTAAACCGAAAAAGGAAG-CAA--CACACCTCCCTGAGACT 
Hippopotamus amphibius trnT        GTCTCTGTAGTATATGA--CATTACCCCGGTCTTGTAAGCCGAAAAAGGAAG-CGA--CACACCTCCCTGAGACT 
Eubalaena australis trnT           GTCTTTGTAGTATAATT--AAATACCCCGGCCTTGTAAACCGGAAAAGGAGA-CAAACCACATCTCCCTAAGACT 
Eubalaena japonica trnT            GTCTTTGTAGTATAATT--AAATACCCCGGCCTTGTAAACCGGAAAAGGAGA-CGAACCACATCTCCCTAAGACT 
Balaena mysticetus trnT            GTCTTTGTAGTATAATT--GAATACCCCGGCCTTGTAAACCGGAAAAGGAGA-CAAACCACATCTCCCTAAGACT 
Caperea marginata trnT             GTCTTTGTAGTATAATC--AAATACCCCGGTTTTGTAAACCGAAGAAGGAGA-TAAACCACACCTCCCTAAGACT 
Eschrichtius robustus trnT         GTCTTTGTAGTATAACT--AAATACCCCGGTTTTGTAAACCGGAAAAGGAGA-CAAACCACACCTCCCTAAGACT 
Balaenoptera acutorostrata trnT    GTCTTTGTAGTATAACT--AATTACCCCGGTCTTGTAAACCGGAAAAGGAGAGCGAACCACACCTCCCTAAGACT 
Balaenoptera bonaerensis trnT      GTCTTTGTAGTATAATT--AATTACCCCGGTCTTGTAAACCGGAAAAGGAGAGCAAACCACACCTCCCTAAGACT 
Balaenoptera physalus trnT         GTCTTTGTAGTATAATT--AAATACCCCGGTTTTGTAAACCGGAAAAGGAGA-CAAGACACACCTCCCTAAGACT 
Megaptera novaeangliae trnT        GTCTTTGTAGTATAATT--AAATACCCCGGTTTTGTAAACCGGAAAAGGAGA-CAAACCACACCTCCCTAAGACT 
Balaenoptera musculus trnT         GTCTTTGTAGTATAATT--AAATACCTCGGTTTTGTAAACCGAAGAAGGAGA-CAAACCACACCTCCCTAAGACT 
Balaenoptera omurai trnT           GTCTTTGTAGTATA-TT--AAATACCCCGGTTTTGTAAACCGAAAAAGGAGA-CA-GCCATACCTCCCTAAGACT 
Balaenoptera borealis trnT         GTCTTTGTAGTATAACT--AAATACCCCGGTTTTGTAAACCGGAGAAGGAGA-CAAACCACACCTCCCTAAGACT 
Balaenoptera brydei trnT           GTCTTTGTAGTATAACT--AAATATCCCGGTTTTGTAAACCGGAGAAGGAGA-CAAACCACACCTCCCTAAGACT 
Balaenoptera edeni trnT            GTCTTTGTAGTATAACT--AAATACCCCGGTTTTGTAAACCGGAGAAGGAGA-CAAACCACACCTCCCTAAGACT 
Kogia breviceps trnT               GTCTTTGTAGTATAAT---AAATACCCCGGCCTTGTAAACCGGAAAAGGAGA--AAATTACACCTCCCCAAGACT 
Physeter macrocephalus trnT        GTCTTCGTAGTATAAC---AAATACCCCGGCCTTGTAAACCGGAAAAGGAGA--GAGTTACGCCTCCCTAAGACT 
Platanista minor trnT              GTCCTCGTAGTATAACG--AAATACCCTGGTTTTGTAAACCAAAAACGGAGG--AAACTACACCTCCCTAGGACT 
Ziphius cavirostris trnT           GTCTTTGTAGTATAACA--AAATACCCCGGCTTTGTAAACCGAAAATGGAGA--AAACCACACCTCCCTAAGACT 
Mesoplodon densirostris trnT       GTCTTTGTAGTATAATA--AAATACTTCGGTTTTGTAAACCGAAAACGGAGA--AAACTACGCCTCCCTAAGACT 
Mesoplodon europaeus trnT          GTCTTTGTAGTATAATA--AAATACCCCGGTTTTGTAAACCGAAAACGGAGA--AAACTACACCTCCCTAAGACT 
**Mesoplodon grayi trnT            GTCTTTGTAGTATAACA--AAATACTTCGGTTTTGTAAACCGAAAATGGAGA--AAATTATACCTCCCTAAGACT 
Berardius bairdii trnT             GTCTTTGTAGTATAACA--AAATACCCCGACCTTGTAAATCGGAAAAGGAGA--AAACCATATCTCCCTAAGACT 
Hyperoodon ampullatus trnT         GTCTTTGTAGTATAACA--AAATACCCCGGCTTTGTAAACCGGAAACGGAAG--AAACTACACTTCCCTAAGACT 
Lipotes vexillifer trnT            GTCTTTGTAGTATAAT---AAATACCCCGGTCTTGTAAACCGAAAAAGGAGA--AACCTACTCCTCCCTAAGACT 
Inia geoffrensis trnT              GTCTTCGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--AATATACCCCTCCCTGAGACT 
Pontoporia blainvillei trnT        GTCTTCGTAGTATAACA--AAATACACTGGTCTTGTAAACCAAAAATGGAGA--ATAA-AC-CCTCCCCAAGACT 
Monodon monoceros trnT             GTCTTCGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCC-ATCTCTCCCTAAGACT 
**Neophocaena asiaeorientalis trnT GTCTTTGTAGTATA-TA--AAATACTTCGGTCTTGTAAACCGAAAAAGGAGA--ACCCCACTCCTCCCTAAGACT 
Neophocaena phocaenoides trnT      GTCTTTGTAGTATA-TA--AAATACTTCGGTCTTGTAAACCGAAAAAGGAGA--ACCCCACTCCTCCCTAAGACT 
Phocoena phocoena trnT             GTCTTTGTAGTATA-TA--AAATACCTCGGTCTTGTAAACCGAAAAAGGAGA--ACCTCACTCCTCCCTAAGACT 
Cephalorhynchus heavisidii trnT    GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCATTCCTCCCTAAGACT 
Sousa chinensis trnT               GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCATTCCTCCCTAAGACT 
Stenella attenuata trnT            GTCTTTGTAGTATAACA--AAATACCTCGGTCTTGTAAACCGGAAAAGGAGA--ATCCCATTCCTCCCTAAGACT 
Tursiops australis trnT            GTCTTTGTAGTATAATA--AAATACCCTGGTCTTGTAAACCGGAAAAGGAGA--ACCCCATTCCTCCCTAAGACT 
Tursiops truncatus trnT            GTCTTTGTAGTATAACA--AAATACCTCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCATTCCTCCCTAAGACT 
Tursiops aduncus trnT              GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACTCCATTCCTCCCTAAGACT 
Delphinus capensis trnT            GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCATTCCTCCCTAAGACT 
Stenella coeruleoalba trnT         GTCTTTGTAGTATAACA--AAATACCTCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCATTCCTCCCTAAGACT 
Orcaella brevirostris trnT         GTCTTTGTAGTATAACA--AAATACCCTGGCCTTGTAAACCGGAAAAGGAGG--ACCCCATTCCTCCCTAAGACT 
Orcaella heinsohni trnT            GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCATTCCTCCCTAAGACT 
Grampus griseus trnT               GTCTTTGTAGTATAACA--AAATACCTCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCA-TCCTCCCTAAGACT 
Pseudorca crassidens trnT          GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCA-TCCTCCCTAAGACT 
Feresa attenuata trnT              GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCA-TCCTCCCTAAGACT 
Peponocephala electra trnT         GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGG--ACT-CA-TCCTCCCTAAGACT 
Globicephala macrorhynchus trnT    GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCAC-CCTCCCCAAGACT 
Globicephala melas trnT            GTCTTTGTAGTATAACA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCCAC-CCTCCCCAAGACT 
Lagenorhynchus albirostris trnT    GTCTTTGTAGTATAACA--AAATACCCCGGCCTTGTAAACCGGAAAAGGAGA--ATCCCATTCCTCCCTAAGACT 
Orcinus orca WNPTRU1 trnT          GTCTTTGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCTACTCCTCCCTAAGACT 
Orcinus orca AntA1 trnT            GTCTTTGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCTACTCCTCCCTAAGACT 
Orcinus orca AntB1 trnT            GTCTTTGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCTACTCCTCCCTAAGACT 
Orcinus orca AntC1 trnT            GTCTTTGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCTACTCCTCCCTAAGACT 
Orcinus orca ENAHN1 trnT           GTCTTTGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCTACTCCTCCCTAAGACT 
Orcinus orca CNPNRAL trnT          GTCTTTGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCTACTCCTCCCTAAGACT 
Orcinus orca ENPOAL2 trnT          GTCTTTGTAGTATAATA--AAATACCCCGGTCTTGTAAACCGGAAAAGGAGA--ACCCTACTCCTCCCTAAGACT 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a determined taxa. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
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Ceratotherium simum trnV           CAAAGTGTAGCTTAAA--CAAAGCACCTAGCTTACACCCAGGAGATTTCATACAA-AATGACCACTTTGA 
Equus caballus trnV                CAAAGTGTAGCTTAAA--CAAAGCATCCAGCTTACACCTAGAAGATTTCACTCAA-AATGAACACTTTGA 
Pecari tajacu trnV                 CAAAGTATAGCTTAAAT-AAAAGCATCTAGTTTACACCCAGAAGACCTCACCAAG-TATGAGTACTTTGA 
Phacochoerus africanus trnV        CAAAGTATAGCTTAAAC-TAAAGCACCTAGTTTACACCTAGAAGATCCCAC-AACACATGAGTACTTTGA 
Potamochoerus porcus trnV          CAAAGTATAGCCTAAAA-TAAAGTACCTAGCTTACACCTAGGAGATCCCAC-AACGTATGGGTACTTTGA 
Sus scrofa trnV                    CAAAGCATAGCTTAAAC-TAAAGCACCTAGTTTACACCTAGAAGATCCCAC-AATGTATGGGTACTTTGA 
Camelus bactrianus trnV            CAAAACGTAGCTTAAA--AAAAGTACCTAATTTACACTTAGGAGATTTCGT-GGA-AATGAACGTTTTGA 
Camelus dromedarius trnV           CAAAACGTAGCTTAAA--AAAAGTACCTAATTTACACTTAGGAGATTTCAT-AGA-AATGAACGTTTTGA 
Lama guanicoe trnV                 CAAAACGTAGCTTAAG--AAAAGCACCTAGTTTACACCTAGGAGATTTCAT-AAA-AATGAACGTGTTGA 
Vicugna pacos trnV                 CAAAACGTAGCTTAAG--AAAAGCACCTAGTTTACACCTAGGAGATTTCAT-AAA-AATGAACGTGTTGA 
Hyemoschus aquaticus trnV          CAAAGCATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAT-GAGCCATGAGTGCCTTGA 
Tragulus kanchil trnV              CAAAGTATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAT-ACTTTATGAATGCCTTGA 
Giraffa camelopardalis trnV        CAAGGTATAGCTTAAA--CAAAGCACCTAGTTTACACCTAGAAGATTTCAC-ATATCATGAATACCCTGA 
Okapia johnstoni trnV              CAAGACATAGCTTAAA--CAAAGCACCTAGTTTACACCTAGAAGATCTCGCACGCCAACGAGTATCTTGA 
Antilocapra americana trnV         CAAGACATAGCTTAAA--CAAAGCACCTAGTTTACACCTAGAAGATTTCAC-GCATAACGAATGTCTTGA 
Moschus moschiferus trnV           CAAGATATAGCTTAAA--CAAAGCACCTAGTTTACACCTAGAAGATTTCAT-ATATCACGAATATCTTGA 
Muntiacus muntjak trnV             CAAGATATAGCTTAAA--TAAAGCACCTAGTTTACACCTAGAAGATTTCACTACACCACGAATATCTTGA 
Capreolus capreolus trnV           CAAGATATAGCTTAAAC-TAAAGCACCTAGTTTACACCTAGAAGATTTCAT-ACACCATGAATACCTTGA 
Alces alces trnV                   CAAGATATAGCTTAAAC-TAAAGCATCTAGTTTACACCTAGAAGATTTCAC-CTATCATGAATATCTTGA 
Cervus elaphus trnV                CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAT-ATATCATGAATATCTTGA 
Dama dama trnV                     CAAGATATAGCTTAAA--CAAAGCGCCTAGTCTACACCTAGAAGATTTCAC-ATATTATGAATATCTTGA 
Boselaphus tragocamelus trnV       CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-ATACTATGAATGTCTTGA 
Tragelaphus oryx trnV              CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTTTAC-ACACCATGAATATCTTGA 
Bos taurus trnV                    CAAGATATAGCTTAAA--CAAAGCATCCAGTTTACACCTAGAAGACTTCAT-TCATTATGAATATCTTGA 
Bubalus bubalis trnV               CAAGATATAGCTTAAA--TAAAGCATCCAGTTTACACCTAGAAGATTTCAC-ACACCATGAATATCTTGA 
Syncerus caffer trnV               CAAGACATAGCTTAAA--TAAAGTATCCAGTTTACACCTAGAAGATTTCAT-ATACTATGAATGTCTTGA 
Neotragus moschatus trnV           CAAGGCATAGCTTAAA--TAAAGCACTTAGTTTACACCTAAGAGATTTCAT-ACACTATGAATGCCTTGA 
Alcelaphus buselaphus trnV         CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-ACATCATGAATGTCTTGA 
Oryx gazella trnV                  CAAAACATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-ATATCATGAATGTTTTGA 
Pantholops hodgsonii trnV          CAAGACATAGCTTAA-C-TAAAGCATTTAGTTTACACCTAAAAGATTTCAC-ACACTATGAATGTCTTGA 
Ovibos moschatus trnV              CAAGATATAGCTTAA-C-TAAAGCATCTAGTTTACACCTAGAAGATTTCAC-ATGTCATGAATATCTTGA 
Capra hircus trnV                  CAAGATATAGCTTAA-C-CAAAGCACCTAGTTTACACCTAGAAGATTTCAC-ATATTATGAATATCTTGA 
Ovis aries trnV                    CAAGATATAGCTTAA-T-TAAAGCATCTAGTTTACACCTAGAAGATTTCAC-ACATTATGAGTATCTTGA 
Cephalophus natalensis trnV        CAAGATATAGCTTAAA--TAAAGCACCTAGTTTACACCTAGAAGATTTCAC-ACACCATGAATATCTTGA 
Redunca fulvorufula trnV           CAAGATATAGCTTAAA--TAAAGCACCTAGTTTACACCTAGAAGATTTCAC-ACTCCATGAATATCTTGA 
Ourebia ourebi trnV                CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGGAGATTTTAC-ACACCATGAATATCTTGA 
Antilope cervicapra trnV           CAAGACATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAT-ACACTATGAATGTCTTGA 
Gazella gazella trnV               CAAGACATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAT-ACACTATGAATGTCTTGA 
Procapra gutturosa trnV            CAAGATATAGCTTAAA--GAAAGCATCTAGTTTACACCTAGAAGATTCCAT-ATACCATGAATATCTTGA 
Raphicerus campestris trnV         CAAGACATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTTCAT-ACACTATGAATGTCTTGA 
Hexaprotodon liberiensis trnV      CAAAGCATAGCTTAGACCCAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AATAAGTGAATGCCTTGA 
Hippopotamus amphibius trnV        CAAAGCATAGCTTAGATTTAAAGCATCTAGTTTACACCCAGAAGATTTCAC-AATAAGTGAATGCCTTGA 
Eubalaena australis trnV           CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-ACTCTGTGTATATCTTGA 
Eubalaena japonica trnV            CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-ACTCTGTGTATATCTTGA 
Balaena mysticetus trnV            CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-ACCCTGTGTATATCTTGA 
Caperea marginata trnV             CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAC-GGCCTGTGCATATCTTGA 
Eschrichtius robustus trnV         CAAGATATAGCTTAAA--CAAAGCATTTAGTTTACACCTAGAAGATTCCAC-AGTCCGTGTATATCTTGA 
Balaenoptera acutorostrata trnV    CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACCCGTGCATATCTTGA 
Balaenoptera bonaerensis trnV      CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AATCCGTGCATATCTTGA 
Balaenoptera physalus trnV         CAAGATATAGCTTAAA--CAAAGCATGTAGTTTACACCTAGAAGATTCCAC-AGCCCGTGTATATCTTGA 
Megaptera novaeangliae trnV        CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTACAC-AGCCCGTGCATATCTTGA 
Balaenoptera musculus trnV         CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGCCCGTGCATATCTTGA 
Balaenoptera omurai trnV           CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGTTCGTGTATGTCTTGA 
Balaenoptera borealis trnV         CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGTCCGTGTATATCTTGA 
Balaenoptera brydei trnV           CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGTCCGTGTATATCTTGA 
Balaenoptera edeni trnV            CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGTCCGTGTATATCTTGA 
Kogia breviceps trnV               CAAGATATAGCTTAAA--TAAAGCCCCTAGTTTACACCTAGAAGATTCCAC-AGCCCGTGTATATCTTGA 
Physeter macrocephalus trnV        CAAGACATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGCTCGTGTATATCTTGA 
Platanista minor trnV              CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAT-CATACATGTATATCTTGA 
Ziphius cavirostris trnV           CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCCAGAAGATTCCAC-AGTCCGTGTACATCTTGA 
Mesoplodon densirostris trnV       CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGTCCGTGTATATCTTGA 
Mesoplodon europaeus trnV          CAAGATGTAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AGTCCGTGTACATCTTGA 
**Mesoplodon grayi trnV            CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCCAGAAGATTCCAC-AGTCCGTGTATATCTTGA 
Berardius bairdii trnV             CAAGGCGTAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AGCCCGTGCACACCTTGA 
Hyperoodon ampullatus trnV         CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AATCCGTGTACATCTTGA 
Lipotes vexillifer trnV            CAAGATATAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAT-AATCAGTGTATATCTTGA 
Inia geoffrensis trnV              CAAGATATAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AATCCGTGCATATCTTGA 
Pontoporia blainvillei trnV        CAAGACATAGCTTAAA--AAAAGCATTTAGCTTACACCTAAAAAATCCCAC-AATCCGTGTGTGTCTTGA 
Monodon monoceros trnV             CAAGATGTAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AATTCGTGCACATCTTGA 
**Neophocaena asiaeorientalis trnV CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AATTCGTGCACATCTTGA 
Neophocaena phocaenoides trnV      CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AATTCGTGCACATCTTGA 
Phocoena phocoena trnV             CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGCACATCTTGA 
Cephalorhynchus heavisidii trnV    CAAGATGTAGCTTAAA--CAAAGCATCTAATTTACACCTAGAAGATTCCAC-AACTCGTGTACATCTTGA 
Sousa chinensis trnV               CAAGACGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGCACGTCTTGA 
Stenella attenuata trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AACTCGTGCACATCTTGA 
Tursiops australis trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGTACATCCTGA 
Tursiops truncatus trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGCACATCTTGA 
Tursiops aduncus trnV              CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGCACATCTTGA 
Delphinus capensis trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGCACATCTTGA 
Stenella coeruleoalba trnV         CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGCACATCTTGA 
Orcaella brevirostris trnV         CAAGACGTAGCTTAAA--AAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGTACATCTTGA 
Orcaella heinsohni trnV            CAAGATGTAGCTTAAA--AAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACTCGTGTACATCTTGA 
Grampus griseus trnV               CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AACTCGTGCACATCTTGA 
Pseudorca crassidens trnV          CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-GACTCGTGCACATCTTGA 
Feresa attenuata trnV              CAAGATGTAGCTTAAA--CAAAGCATTTAGTTTACACCTAGAAGATTTCAC-AATTCGTGCACATCTTGA 
Peponocephala electra trnV         CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AATTCGTGCACATCTTGA 
Globicephala macrorhynchus trnV    CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AATCCGTGCACATCTTGA 
Globicephala melas trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTTTACACCTAGAAGATTTCAC-AATCCGTGCACATCTTGA 
Lagenorhynchus albirostris trnV    CAAGATGTAGCTTAAA--TAAAGCATCTAGTTTACACCTAGAAGATTCCAC-AACCCGTGCACATCTTGA 
Orcinus orca WNPTRU1 trnV          CAAGATGTAGCTTAAA--CAAAGCATCTAGTCTACACCTAGAAGATTCCAC-AACCCGTGTACATCTTGA 
Orcinus orca ENAHN1 trnV           CAAGATGTAGCTTAAA--CAAAGCATCTAGTCTACACCTAGAAGATTCCAC-AACCCGTGTACATCTTGA 
Orcinus orca AntA1 trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTCTACACCTAGAAGATTCCAC-AACCCGTGTACATCTTGA 
Orcinus orca AntB1 trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTCTACACCTAGAAGATTCCAC-AACCCGTGTACATCTTGA 
Orcinus orca AntC1 trnV            CAAGATGTAGCTTAAA--CAAAGCATCTAGTCTACACCTAGAAGATTCCAC-AACCCGTGTACATCTTGA 
Orcinus orca CNPNRAL trnV          CAAGATGTAGCTTAAA--CAAAGCATCTAGTCTACACCTAGAAGATTCCAC-AACCCGTGTACATCTTGA 
Orcinus orca ENPOAL2 trnV          CAAGATGTAGCTTAAA--CAAAGCATCTAGTCTACACCTAGAAGATTCCAC-AACCCGTGTACATCTTGA 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a determined taxa. 
X,   position 1-7 in the acceptor stem; X position 1-3 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-4 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnW (TRP) multiple alignment 
 
                                           10        20        30        40        50        60        70   
                                            |         |         |         |         |         |         |   
                                   1234567  1234         4321 12345  ant  54321    12345      543217654321d 
                                                                *           *                               
Ceratotherium simum trnW           AGGAATTTAGGTTACA--CC-AGACCAAGGACCTTCAAAGCCCTAAGCAAGTACAA-ACTACTTAATTCCTG 
Equus caballus trnW                AGGAATTTAGGTTAACATCCCAGACCAAGAGCCTTCAAAGCTCTAAGCAAGTG-AA-TCCACTTAATTCCTG 
Pecari tajacu trnW                 AGGAATTTAGGCTAAA--TC-AGACCAGGAGCCTTCAAAGCCCCAAGCAAGTACAA-AATACTTAATTCCTG 
Phacochoerus africanus trnW        AGGAATTTAGGTTAAC--AC-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTACAA-AGTACTTAACTCCTG 
Potamochoerus porcus trnW          AGGAATTTAGGTTAAT--AC-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTACAA-AGTACTTAACTCCTG 
Sus scrofa trnW                    AGGAATTTAGGTTAAC--AC-AGACCAAGAGCCTTCAAAGCTCTAAGTAAGTACAA-AGTACTTAACTCCTG 
Camelus bactrianus trnW            AGGAATTTAGGCTAAA--TC-AGACCAAGAGCCTTCAAAGCTCTAAGTAAGTACAC-AATACTTAATTCCTG 
Camelus dromedarius trnW           AGGAATTTAGGCTAGA--CC-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTACAT-AATACTTAATTCCTG 
Lama guanicoe trnW                 AGGAATTTAGGTTAAA--CT-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTACAA--ATACTTAATTCCTG 
Vicugna pacos trnW                 AGGAATTTAGGTTAAA--CT-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTACAA--ATACTTAATTCCTG 
Hyemoschus aquaticus trnW          AGGAATTTAGGTTAAA--TC-AGACCAAGGGCCTTCAAAGCCCTAAGCAAGTGCAA--CTACTTAATTCCTG 
Tragulus kanchil trnW              AGGAATTTAGGTTACA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA--TTACTTAATTCCTG 
Giraffa camelopardalis trnW        AGGAATTTAGGTTAAA---T-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Okapia johnstoni trnW              AGGAATTTAGGTTAAA--C--AGACCAAGGACCTTCAAAGTCCTAAGCAAGTACAA-TCTACTTAATTCCTG 
Antilocapra americana trnW         AGGAATTTAGGTTAAA---T-AGACCAAGAGCCTTCAAAGCCCTAAGAAAGTACAA-TTTACTTAATTCCTG 
Moschus moschiferus trnW           AGGAATTTAGGTTAAA---T-AGACCAAGAGCCTTCAAAGCCCTAAGTAAGTATAA-TTTACTTAATTCCTG 
Muntiacus muntjak trnW             AGGAGTTTAGGTTAAC--CT-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATGA-TATACTTAACTCCTG 
Capreolus capreolus trnW           AGGAGTTTAGGTTACC--CT-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTAAAA-TATACTTAACTCCTG 
Alces alces trnW                   AGGAGTTTAGGTTAAT--TC-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTAAAA-TATACTTAACTCCTG 
Cervus elaphus trnW                AGGAGTTTAGGTTAAT--CT-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-TATACTTAACTCCTG 
Dama dama trnW                     AGGAGTTTAGGTTAAT--CC-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-TATACTTAACTCCTG 
Boselaphus tragocamelus trnW       AGGAATTTAGGTTAAA---T-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Tragelaphus oryx trnW              AGGAGTTTAGGTTAAA---T-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATTAC-TTACTTAACTCCTG 
Bos taurus trnW                    AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-TTTACTTAATTCCTG 
Bubalus bubalis trnW               AGGAATTTAGGTTAGA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Syncerus caffer trnW               AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Neotragus moschatus trnW           AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATTA-TTTACTTAATTCCTG 
Alcelaphus buselaphus trnW         AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-TTTACTTAATTCCTG 
Oryx gazella trnW                  AGGAATTTAGGTTAAA---T-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Pantholops hodgsonii trnW          AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Ovibos moschatus trnW              AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-GTTACTTAATTCCTG 
Capra hircus trnW                  AGGAATTTAGGTTAAA---T-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Ovis aries trnW                    AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Cephalophus natalensis trnW        AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-ATTACTTAATTCCTG 
Redunca fulvorufula trnW           AGGAATTTAGGTTAAA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-TATACTTAATTCCTG 
Ourebia ourebi trnW                AGGAATTTAGGTTACA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-ACTACTTAATTCCTG 
Antilope cervicapra trnW           AGGAATTTAGGTTACA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Gazella gazella trnW               AGGAATTTAGGTTACA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Procapra gutturosa trnW            AGGAATTTAGGTTACA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-TTTACTTAATTCCTG 
Raphicerus campestris trnW         AGGAATTTAGGTTACA--C--AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAATTCCTG 
Hexaprotodon liberiensis trnW      AGAGGTTTAGGTTAC---CC-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTATAT-ATTACTTAACCCCTG 
Hippopotamus amphibius trnW        AGAGGTTTAGGTTAC---CT-AGACCAAGAGCCTTCAAAGCTCCAAGCAAGTATAT-ATTACTTAATCTCTG 
Balaena mysticetus trnW            AGGAGTTTAGGTTAAAA-CT-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Eubalaena australis trnW           AGGAGTTTAGGTTAAAA-CT-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Eubalaena japonica trnW            AGGAGTTTAGGTTAAAA-CT-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Caperea marginata trnW             AGGAGTTTAGGCTAAA--CC-AGACCAAGGGCCTTCAAAGCCCTAAGTAAGTATAA-TTTACTTAACTCCTG 
Eschrichtius robustus trnW         AGGAGTTTAGGTTAAA--CC-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Balaenoptera acutorostrata trnW    AGGAGTTTAGGTTAAAACCTCAGACCAAGGACCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Balaenoptera bonaerensis trnW      AGGAGTTTAGGTTAAACCCTTAGACCAAGGGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Balaenoptera physalus trnW         AGGAGTTTAGGTTAAA-CCC-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Megaptera novaeangliae trnW        AGGAGTTTAGGTTAAA-CCC-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATCA-TTTACTTAACTCCTG 
Balaenoptera musculus trnW         AGGAGTTTAGGTTAAA-CCC-AGACCAAGGGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Balaenoptera omurai trnW           AGGAGTTTAGGTTAGA-CCC-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Balaenoptera borealis trnW         AGGAGTTTAGGTTAAA-CCC-AGACCAAGGACCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Balaenoptera brydei trnW           AGGAGTTTAGGTTAAA-CCC-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Balaenoptera edeni trnW            AGGAGTTTAGGTTAAA-CCC-AGACCAAGGGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTCCTG 
Kogia breviceps trnW               AGGAGTTTAGGCTAAA-TCC-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTACAA-CTCACTTAACTCCTG 
Physeter macrocephalus trnW        AGGAGTTTAGGTTACA--CTCAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATTA-TCCACTTAACTCCTG 
Platanista minor trnW              AGAAGTTTAGGTTAAA--CT-AGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAA-TTTACTTAACTTCTG 
Ziphius cavirostris trnW           AGAAGTTTAGGTTAA---CC-AGACCAAGAGCCTTCAAAGCTCTAAGCAAGTATAA-TTCACTTAACTTCTG 
Mesoplodon densirostris trnW       AGAAGCTTAGGTTAAA--CT-AGACCAAAAGCCTTCAAAGCTTTAAGCAAGTATAG-TCTACTTAGCTTCTG 
Mesoplodon europaeus trnW          AGAAGTTTAGGTTAAA---TCAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-TCCACTTAACTTCTG 
**Mesoplodon grayi trnW            AGAAGTTTAGGTTAAA---CCAGACCAAGAGCCTTCAAAGCCCTAAGTAAGTGTAG-TCCACTTAACTTCTG 
Berardius bairdii trnW             AGAAGTTTAGGTTAAA---TTAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAA-CCCACTTAACTTCTG 
Hyperoodon ampullatus trnW         AGAAGTTTAGGTTAAA--CT-AGACCAAGAGCCTTCAAAGCCCTAAGTAAGTACAA-TCCACTTAACTTCTG 
Lipotes vexillifer trnW            AGAGATTTAGGTTAAA-AC--AGACCAAGAGCCTTCAAAGCCCTAAGTAAGTATAA-TTTACTTAACCTCTG 
Inia geoffrensis trnW              AGAGGTTTAGGTTAAA---TCAGACCGAGAGCCTTCAAAGCTCTAAGTAAGTATAATTTCACTTAACCCCTG 
Pontoporia blainvillei trnW        AGGAGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATGA-TCTACTTAACCCCTG 
Monodon monoceros trnW             AGGGATTTAGGTTAA----TCAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAACTTTACTTAATCCCTG 
**Neophocaena asiaeorientalis trnW AGGGGTTTAGGTTAAA---TTAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATCTTACTTAACCCCTG 
Neophocaena phocaenoides trnW      AGGGGTTTAGGTTAAA---TTAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATCTTACTTAACCCCTG 
Phocoena phocoena trnW             AGGGGTTTAGGTTAAA---TCAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATCTTACTTAACCCCTG 
Cephalorhynchus heavisidii trnW    AGGGGTTTAGGTTAAG--C-AAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAATTTTACTTAACCCCTG 
Sousa chinensis trnW               AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGCCCTAAGTAAGTATAACTTTACTTAACCCCTG 
Stenella attenuata trnW            AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Tursiops australis trnW            AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Tursiops truncatus trnW            AGGGGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Tursiops aduncus trnW              AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Delphinus capensis trnW            AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Stenella coeruleoalba trnW         AGGGGTTTAGGTTAGA--C-AAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Orcaella brevirostris trnW         AGGGGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Orcaella heinsohni trnW            AGGGGTTTAGGTTAGA--CATAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTATAATTTTACTTAACCCCTG 
Grampus griseus trnW               AGGGGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAATTTTACTTAACCCCTG 
Pseudorca crassidens trnW          AGGGGTTTAGGTTAAA---TGAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAATTTTACTTAACCCCTG 
Feresa attenuata trnW              AGGGGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAATTTTACTTAACCCCTG 
Peponocephala electra trnW         AGGGGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAACTTTACTTAACCCCTG 
Globicephala macrorhynchus trnW    AGGGGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAATTTTACTTAACCCCTG 
Globicephala melas trnW            AGGGGTTTAGGTTAAA---TAAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAATTTTACTTAACCCCTG 
Lagenorhynchus albirostris trnW    AGGGGTTTAGGTTAA--TC-AAGACCAAGAGCCTTCAAAGCCCTAAGCAAGTACAATTTTACTTAACCCCTG 
Orcinus orca WNPTRU1 trnW          AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGTCCTAAGCAAGTATAACTTTACTTAACCCCTG 
Orcinus orca AntA1 trnW            AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGTCCTAAGCAAGTATAACTTTACTTAACCCCTG 
Orcinus orca AntB1 trnW            AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGTCCTAAGCAAGTATAACTTTACTTAACCCCTG 
Orcinus orca AntC1 trnW            AGGGGTTTAGGTTAAA--C-AAGACCAAGAGCCTTCAAAGTCCTAAGCAAGTATAACTTTACTTAACCCCTG 
Orcinus orca ENAHN1 trnW           AGGGGTTTAGGTTAAA--C-AAGACCAAGAACCTTCAAAGTCCTAAGCAAGTATAACTTTACTTAACCCCTG 
Orcinus orca CNPNRAL trnW          AGGGGTTTAGGTTAAA--C-AAGACCAAGAACCTTCAAAGTCCTAAGCAAGTATAACTTTACTTAACCCCTG 
Orcinus orca ENPOAL2 trnW          AGGGGTTTAGGTTAAA--C-AAGACCAAGAACCTTCAAAGTCCTAAGCAAGTATAACTTTACTTAACCCCTG 
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N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a determined taxa. 
X,   position 1-7 in the acceptor stem; X position 1-4 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
trnY (TYR) multiple alignment 
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Ceratotherium simum trnY           GGTAAAATGGCTGAGA--TAGCATTAGACTGTAAATCTAAAGACAGAGGTTGTA-GCCCTCTTTTTACCA 
Equus caballus trnY                GGTAAGATGGCTGAGT--AAGCATTAGACTGTAAATCTAAAGACAGGGGTTGGA-ATCCTCTTCTTATCA 
Pecari tajacu trnY                 GGTAAAATGGCTGAGT--AAGCATTAGACTGTAAATCTAAAGACGGAGGTCCAAG-TCCTCTTTTTGCCA 
Phacochoerus africanus trnY        GGTAAAATGGCTGAGT--AAGCATTAGACTGTAAATCTAAAGACAGAGGTTGA-G-CCCTCTTTTTGCCA 
Potamochoerus porcus trnY          GGTAAAATGGCTGAGT--AAGCGTTAGACTGTAAATCTAAAGACAGAGGTTGA-G-TCCTCTTTTTACCA 
Sus scrofa trnY                    GGTAAAATGGCTGAGT--AAGCATTAGACTGTAAATCTAAAGACAGAGGTTAA-G-CCCTCTTTTTGCCA 
Camelus bactrianus trnY            GGTAAGATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-GAGAGCCCTCTTCTTACCA 
Camelus dromedarius trnY           GGTAAGATGGCCGAGT--AGGCATTGGACTGTAAATCTAAAGACAGAGGT-GAGAGCCCTCTTCTTACCA 
Lama guanicoe trnY                 GGTAAGATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-GACAACCCTCTTCTTATCA 
Vicugna pacos trnY                 GGTAAGATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-GACAACCCTCTTCTTATCA 
Hyemoschus aquaticus trnY          GATAGGGTGGCTGAGC--AAGCATTAGACTGTAAATCTAAAGACAGAGGTTTAAG-TCCTCTTCCTATCA 
Tragulus kanchil trnY              GGTAGGATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGTTTTA-GTCCCCTTTCTACCA 
Giraffa camelopardalis trnY        GGTAGAGTGGCTGAGT-AAAGCATTAGACTGTAAATCTAAGGACAGAGGTTTGA-TTCCTCTCTCTATCA 
Okapia johnstoni trnY              GGTAAAATGGCTGAGC-ATAGCATTAGACTGTAAATCTAAAGACAGGGGTTTAA-TTCCTCTTTTTACCA 
Antilocapra americana trnY         GGTAGAATGGCTGAGT-AAAGCATTAGACTGTAAATCTAAAGACAGAGGTTCGA-CCCCTCTTTTTACCA 
Moschus moschiferus trnY           GGTAGAATGGCTGAGT-GAGGCATTAGACTGTAAATCTAAAGACAGAGGTTGAA-TTCCTCTTTTTACCA 
Muntiacus muntjak trnY             GGTAAGATGGCTGAGT-GAAGCATTAGACTGTAAATCTAAAGATAGAGGTTTATAATCCTCTTTTTACCA 
Capreolus capreolus trnY           GGTAAAATGGCTGAGT-AAAGCAATAGACTGTAAATCTAAGAACAGAGGTTTGTAATCCTCTTTTTACCA 
Alces alces trnY                   GGTAAAATGGCTGAGT-GAAGCATTAGACTGTAAATCTAAAGACAGAGGTTCATACTCCTCTTTTTACCA 
Cervus elaphus trnY                GGTAGAATGGCTGAGTTGAAGCATTAGACTGTAAATCTAAAGACAGAGGTTTGTATTCCTCTTTTTACCA 
Dama dama trnY                     GGTAGAATGGCTGAGT-GAAGCATTAGACTGTAAATCTAAAGACAGAGGTTTATATTCCTCTTTTTACCA 
Boselaphus tragocamelus trnY       GGTAAAATGGCTGAGT-TAGGCATTAGACTGTAAATCTAAGGACAGAGGTTTGA-TTCCTCTTTTTACCA 
Tragelaphus oryx trnY              GGTAAAATGGCTGAGT-AAGGCATTAGACTGTAAATCTAAGAACAGGGGTT-GA-TTCCTCTTTTTACCA 
Bos taurus trnY                    GGTAAAATGGCTGAGC-AAAGCATTAGACTGTAAATCTAAAGATAGAGGTTTGA-CTCCTCTTTTTACCA 
Bubalus bubalis trnY               GGTAAAATGGCTGAGT--AAGCATTAGACTGTAAATCTAAAGACAGAGGTTTGA-GTCCTCTTTTTACCA 
Syncerus caffer trnY               GGTAAGGTGGCTGAGT--AAGCATTAGACTGTAAATCTAAAGACAGAGGTTTGA-GCCCTCTTTTTACCA 
Neotragus moschatus trnY           GGTAAAATGGCTGAGT-AAAGCATTAGACTGTAAATCTAAGGACAGAGGTTGGA-TTCCTCTTTTTGCCA 
Alcelaphus buselaphus trnY         GGTAAAATGGCTGAGT-GAAGCATTAGACTGTAAATCTAAGGACAGAGGTTTGA-TTCCTCTTTTTACCA 
Oryx gazella trnY                  GGTAAAATGGCTGAGT-GAAGCATTAGACTGTAAATCTAAGGACAGGGGTTTAA-TTCCTCTTTTTACCA 
Pantholops hodgsonii trnY          GGTAAAATGGCTGAGT-AAAGCATTAGACTGTAAATCTAAGAACAGGGGTTTGA-TTCCTCTTTTTACCA 
Ovibos moschatus trnY              GGTAAAATGGCTGAGT-AAAGCAATAGACTGTAAATCTAAGAACGGAGGTTTGA-TTCCTCTTTTTACCA 
Capra hircus trnY                  GGTAAAATGGCTGAGC-AAAGCAATAGACTGTAAATCTAAGAACAGAGGTTTGA-TTCCTCTTTTTACCA 
Ovis aries trnY                    GGTAAAATGGCTGAGT-AAAGCAATAGACTGTAAATCTAAGAACAGAGGTTTAA-TTCCTCTTTTTACCA 
Cephalophus natalensis trnY        GGTAAGATGGCTGAGT-GAAGCATTAGACTGTAAATCTAAGGACAGAGGTGAGA-TCCCTCTTTTTACCA 
Redunca fulvorufula trnY           GGTAAAATGGCCGAGT-TAAGCATTAGACTGTAAATCTAAAGACAGAGGTTT-AGTCCCTCTTTTTACCA 
Ourebia ourebi trnY                GGTAAAATGGCTGAGC--AAGTATTAGACTGTAAATCTAAAGACAGAGGTTTGA-GTCCTCTTTTTACCA 
Antilope cervicapra trnY           GGTAAAATGGCTGAGC-AAAGCATTAGACTGTAAATCTGAGGACAGAGGTTTGA-CTCCTCTTTTTACCA 
Gazella gazella trnY               GGTAAAATGGCTGAGT-AAAGCATTAGACTGTAAATCTAAAGACAGAGGTTTGA-CTCCTCTTTTTACCA 
Procapra gutturosa trnY            GGTAAAATGGCTGAGT-AAAGCATTAGACTGTAAATCTAAGAACAGAGGTTTTA-ATCCTCTTTTTACCA 
Raphicerus campestris trnY         GGTAAAATGGCTGAGT-AAAGCATTAGACTGTAAATCTAAGAACAGGGGTT-AA-TTCCTCTTTTTGCCA 
Hexaprotodon liberiensis trnY      GGTAAAATGGCTGAGT--AAGCATTAGACTGTAAATCTAAGTACAGGGGTTGA-G-TCCTCTTTTTACCA 
Hippopotamus amphibius trnY        GGTAAAATGGCTGAGT--AAGCATTAGACTGTAAATCTAAGTACAGGGGTTGA-G-TCCTCTTTTTGCCA 
Eubalaena australis trnY           GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGTTGAAG-TCCTCTTTTTACCA 
Eubalaena japonica trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGTTGAAG-TCCTCTTTTTACCA 
Balaena mysticetus trnY            GGTAAAATGGTCGAGT--AGGCATTAGGCTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Caperea marginata trnY             GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Eschrichtius robustus trnY         GGTAAGATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Balaenoptera acutorostrata trnY    GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTA-AG-TCCTCTTTTTACCA 
Balaenoptera bonaerensis trnY      GGTAAAATGGCTGAGT--AAGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Balaenoptera physalus trnY         GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Megaptera novaeangliae trnY        GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Balaenoptera musculus trnY         GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Balaenoptera omurai trnY           GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Balaenoptera borealis trnY         GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Balaenoptera brydei trnY           GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTGCCA 
Balaenoptera edeni trnY            GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGTTG-AG-TCCTCTTTTTACCA 
Kogia breviceps trnY               GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGTTA-AG-CCCTCTTTTTGCCA 
Physeter macrocephalus trnY        GGTAAGATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGTTA-AG-TCCTCTTTTTACCA 
Platanista minor trnY              GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAA-CCCTCTTTTTGCCA 
Ziphius cavirostris trnY           GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAG-TCCTCTTTTTGCCA 
Mesoplodon densirostris trnY       GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGT-AGAG-TCCTCTTTTTGCCA 
Mesoplodon europaeus trnY          GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-GGAG-CCCCCTTTTTGCCA 
**Mesoplodon grayi trnY            GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGAGGT-AGAG-CCCTCTTTTTGCCA 
Berardius bairdii trnY             GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-GAAG-TCCTCTTTTTGCCA 
Hyperoodon ampullatus trnY         GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-GGAG-TCCTCTTTTTGCCA 
Lipotes vexillifer trnY            GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGGGGT-AAAA-TCCTCTTTTTGCCA 
Inia geoffrensis trnY              GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAGGACAGGGGTAGAAA-CCCCCTTTTTGCCA 
Pontoporia blainvillei trnY        GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-GAAG-TCCTCTTTTTGCCA 
Monodon monoceros trnY             GGTAAAATGGCTGAGT--AGGCATTAGACTGTAAATCTAAAACCAGGGGT-AAAG-TCCTCTTTTTACCA 
**Neophocaena asiaeorientalis trnY GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGTAAAAA-TCCCCTTTTTGCCA 
Neophocaena phocaenoides trnY      GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGTAAAAA-TCCCCTTTTTGCCA 
Phocoena phocoena trnY             GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACGGGGGTAAAAG-TCCCCCTTTTACTA 
Cephalorhynchus heavisidii trnY    GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCCCTTTTTATCA 
Sousa chinensis trnY               GGTAAAATGGTCGAGT--AGACATTAGACTGTAAATCTAAAGACAGAGGTAAAAAATCCTCTTTTTATCA 
Stenella attenuata trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AGAG-TCCTCTTTTTACCA 
Tursiops australis trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAG-TCCTCTTTTTACCA 
Tursiops truncatus trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAG-TCCTCTTTTTACCA 
Tursiops aduncus trnY              GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAG-TCCTCTTTTTACCA 
Delphinus capensis trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAG-TCCTCTTTTTACCA 
Stenella coeruleoalba trnY         GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAG-TCCTCTTTTTACCA 
Orcaella brevirostris trnY         GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGAGGT-AAAG-TCCTCTTTTTGCCA 
Orcaella heinsohni trnY            GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
Grampus griseus trnY               GGTAAAATGGCCGAGT--AGGTATTAGACTGTAAATCTAAAGACAGGGGT-GAAG-TCCTCTTTTTACCA 
Pseudorca crassidens trnY          GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-GAAG-TCCTCTTTTTACCA 
Feresa attenuata trnY              GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-GAAG-TCCTCTTTTTACCA 
Peponocephala electra trnY         GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-GAAG-TCCTCTTTTTACCA 
Globicephala macrorhynchus trnY    GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-GAAG-TCCTCTTTTTACCA 
Globicephala melas trnY            GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-GAAG-TCCTCTTTTTACCA 
Lagenorhynchus albirostris trnY    GGTAAAATGGCCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGTAAGAG-TCCTCTTTTTACCA 
Orcinus orca WNPTRU1 trnY          GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
Orcinus orca ENAHN1 trnY           GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
Orcinus orca AntA1 trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
Orcinus orca AntB1 trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
Orcinus orca AntC1 trnY            GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
Orcinus orca CNPNRAL trnY          GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
Orcinus orca ENPOAL2 trnY          GGTAAAATGGTCGAGT--AGGCATTAGACTGTAAATCTAAAGACAGGGGT-AAAG-TCCTCTTTTTACCA 
                                   1234567  123       321 12345  ant  54321    12345        543217654321d 
                                   0000000  111       222 22222  333  33334    44444        5566666666667 
                                   1234567  012       012 45678  123  67890    56789        8901234567890 
 
N,   the most common base for the position. 
N,   half compensatory base change in the stem pair (e.g. T – G vs C – G; A-T vs G-T). 
N,N, half compensatory base change in the stem pair exhibiting a mismatch (e.g. T–A vs A–A). Different colours are used to better differentiate the changes. 
N,   fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C–G vs T–T). 
N,   type I fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs purine – pyrimidine, e.g. G – C vs A – T). 
N,N, type II fully compensatory base change in the stem pair (i.e. purine – pyrimidine vs pyrimidine – purine, e.g. A – T vs T – A). Different colours are used to better differentiate the changes. 
N,   a mismatch in the in the stem pair; N, substitution pattern not modelled; *, pair in the stem in which a mismatch is prominent. N, N, molecular signature for a determined taxa. 
X,   position 1-7 in the acceptor stem; X position 1-3 in the DHU stem; X position 1-5 in the anticodon stem; X position 1-5 in the TΨC stem; ant, anticodon; d, discriminator nucleotide. 
